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Tuesday, n Sep wibion | 

A tour of the Submarine Base, with. demonstrations of ‘the selection 
and training programs for interior voice communication, look-out , 
and recognition, was arranged for members and gyests not attending 


the scheduled meeting of the Subcommittee on wissen ate and Kan- 
dards for Visual Examinations. | Pumps ede, Ae 


‘. The chairman called for obieintilns” or: a a in 
- the Minutes’ and Proceedings | of ‘the thirteenth meeting. 
There were no eserves ities a e gies oe “ths 


2. Dr. Miles presented a discuss ay of obs cokes ‘plotting 15* 
of henge macular areae — 4 Li - 
Bes. ae ha a a Brown discusteq -abibdligmact’s in naval 29 
camouflage and proposed 4 FeSolution for adoption 
_..by the Committee designed to insure that, a program 
of vision and visibility research be qaisladed in 
any federal research program. ~ 


f 


%* Numbers at the right refer to pages in the Proceedings on 
which the full report or discussion is presented. 


“=qornets D 


—aRESPREGRED 
ERE -ll- 


Consideration of this resolution was postponed until’: 
Wednesday. After discussion, the resolution was 
revised and it was 


VOTED: that the Army~Navy-OSRD. Vision ailitite: will con— 
sider it one of 4ts primary duties to determine, 
visual problems on which ‘research is needed ‘and to 
foster the devotion of adequate funds, facilities 

. ae personnel to. research for the solution of 
those’ | aeamnance | ie hk he ae 


he. DreCe He Graham reported on biel teetecign 
e. _ of rangefinder reticles, ee: 
Fad eg ; ined: ‘3 . 


ie and tests of rifle sights. 


. Ae Comdr. “Dyke discussed briefly. some sedition in- 37 
volved | in the design of rifle sights. Bi x ay 


Be. Mr. see commented on technical requirénents for 37 
rifle sights in Army Ordnance. 


C. Dre. C.‘J. Warden presented a paper on the prnnre 637% 
ee ene various rifle sight facts. 


Half the members and ‘indie participated: ‘in the thickiay night 
‘binocular. testing. field trials (Minutes, twelfth meéting, 
item 7> P&e i). ‘Others: Anerettad a captured. German | wbaarine. 


| Wednesday, 12 Se Septenbe oi: cae ae shel ae 


' Demonstrations of the Visibadity - Theater model arid of color 
vision information and tests were observed. © 


6. Dr. Marquis presented the report ‘of: the Subcommittee 39 
on Procedures and. Standards for Visual Examinations. 
Three papers presented to the, Subeommittée are 60 
ee: 


OP ee of Natiniipas of Lateral Phoria. 18 
Lt. Comdr. J. He Sulzman. 


C. Phoria Testing at Pensacola. Comdr. B. Je Wolpaw 49 


« “Ys 
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oe 


_ VOTED: - 


Te 


VOTED: 


2 


VOTED: 


VOTED: 


The Committee 


that the Subcommittee report be accepted, and that 
the manual Testing Heterophoria be distributed to 
Army and Navy centers for trial and comment. 


Capt. Shilling introduced the discussion of the 50 
Visibility Theater model with a statement of its 
purpose and potential amaaearect 


Lt. Comdr. Leavitt proposed a Nietian for discussion 
implementing the goals outlined by: Capt. Shilling. 
After discussion, the eo was revised, and it was 


that the Army—Navy—OSRD Wahaus Genahshee believes it 
to be valuable and desirable for the Navy Depart- 
ment to provide facilities for visual: research . 
including building and operating a large-scale 
permanent visibility theater as a means of con- 
tinuing active study of visual problems... — .. 


A Subcommittee on the Visibility Theater was .appointed. 52 


A ‘statement prepared by the Subcommittee embodying 
the eae Committee Gieenseton is appended. 


The euikianisign of the. Avag-tlewy--OFD Vision. Committee 


beyond the war—emergency period was discussed. 
Comdr. Dyke outlined the activities .of the Executive 
‘Committee in this regard, and Drs Marquis discussed 
possible mechanisms for its comemcineueind 


After discussion, the Committee F a ua whee ant? 


that the Army—Navy-—OSRD Vision Committee should be 
continued during peacetime. endian eh us 


to approve a reVised committee organization to-be:made . 
up of representatives from the bureaus and offices 
of the Army and Navy and from the National Research 
Council and to be ‘show as the’ ———e Vision 
Committee. q > x 


that the iaeiheatlien of a lineal ssaduiiees the Office 
of Research and Inventions, Navy Department, and the 
‘University of Michigan, for continuing the -work of 
the Committee, be approved. 


9- Symposium on German developments in vision and 


optical devices. 


German Visual Devicese Comdr. de Je Vorwald 


B. Optical Devices in German Ordnance. Comdr.e 
S. S. Ballard 

C. German Goggles, Sunglasses, and Dark 
adaptometere Major E. A. Pinson 

D. Description of Zeiss Sunglasses found aboard 
a Captured German Submarine. Lt. Dean 
Farnsworth 

E.- Some notes on Visual Devices and Procedures 
observed on new German Submarines. Lt. (jg) 
We S. Verplanck 

F. German Variable-Power Telescope. It. Harry 
London 
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+ AMOrTIc PLOTTING OF THE miguLiR i , 
| Dr. Walter Re ise aut abet, e er ¥ % Ns 


= 


Introsiuet‘ion " ; ‘ ge Z es t- sae z oy oe 8 


‘Under asikebie conditions of 1Uiysitnabdéer: the pare spot of 


‘the retina may be.seen moderately well outlined in’ the visual field. 


This entoptic. picture of the macula lutea surrounding the~point of 
fixation claimed the attention of several students “of vision in the 
nineteenth century. .It appears to merit reinvestigation with the ob- 
jective of exploring its possibilities for usefulness, as, aowisual 
measure of the form and dimensions of the’ foved. Although the phenome- 
non has been independently discovered by many, ‘axe has received 
credit for the first painstaking investigation of ite.’ Hie brief 
slaesical statement runs as follows: ; 


ae: "Jaen, observing the spectrum iiad by Lotiting Mi ari 
Pm Tee. long. vertical slit through a simple’ prism,” -' ng? ye tig 
- elongated ‘dark spot running up and dowp’ di ‘$e bie, anal: 2 9 
following the motion of theeye as it! md 9. 3p anth:dowtinehe :. 
_| spectrums, but refusing to pass out of: lune into Me - 
‘other édlors. It was plain that the Spot balonged both to 
the; eye ind to the blue part of the spectrum. The result 
; to which i Ihave come is, that the appearance is due to the 
i > yellow pape on the retina. . . . The most convenient method 
Rae ‘observing the spot is by presenting the eye in not too 
" Uapid suecession, blue and yellow glasses, or, still better, 
allowing blue and yellow papers to revolve slowly before the 
eyee In this way the spot is seen in the blue. It fades 
rapidly, but is renewed . every. time! the: Rts tomes #3 to 
relieve the effect of the blue! 


Lee Aas QC 


© fas « 
> ; a 
‘ 


| 1/ a Pe Wiseell. “On: ‘the ches senaibilaty of the foramen-. ioe 
f 


centrale to light of 
1856, 2, 12. 


erent*¢olors. Report of Brit.. ‘ABSOCS, 


oe ia 


is phenomenon received considerable attention from 
Helmholt 2 whe found, as others have noted, that he could observe 
it without the aid of filters by closing his eyes for a moment and 
then opening them towards the evening sky, whereupon, he says, "the 
observer will see the non-vascular halo very distinctly for some 
time, often too the fovea centralis‘in its interior as a little 
brighter spot of pure blue, pretty sharply outlined." 


Helmholtz's summary of his own and the dating of 
others on the entoptic appearance ore macula was followed by in- 
portant investigations of Gullstran and: 'Dinimard , but within the 
last half century very little further work seems to have been devoted 
to this subject. Gul\¥strand worked with‘ various liquid filters, 
usually green and blue, and found that by suitable dilution of these 
,he could see a small spot in the middle of the larger spot. The 
‘smaller spot he identified as the -entoptic fovea and the‘‘Larzer- “As”: 
the entoptic macula. At a projection distance of 30 cme the measure- 
. ment. of the macula subtended 15 mm., thus Ziving ‘about 3°. He found © 
that afterimages of the macular picture were observable: ‘following 
removal of filters. ;. Dimmer worked with a larger range of filters and 
more consistently with the afterimage as a part of the entoptic’™ 
appearance, defining the borders and content of the area, but did not 
formulate his methods in any obandard way for general uses — 


‘The ional response of-the dictiresiithcins lying behind the 
macula lutea and those surrounding it must be observed quickly when 
stimulated with white light, since the brightness inequality, is, promptly 
compensated by some process which may be ‘called ‘rétifial” ‘adaptatdon. 

When selective. radiation is used for stimldtion; thé’ ‘darkened macular 
area endures longer but dies away fairly rapidly,’ in’ ‘some’ ‘Subjects very 
promptly. It was to.combat this retinal ‘adaptabidn ‘that Maxwell recom- 
mended alternate use of blue and yellow’ glasses, ‘which serves to refresh 
the entoptic. experience. If, the phenomenon''is to be measured or plotted 
with success by others, than expert observeris, it’ must be made to persist. 
It occurred to. the writer that in place of using filters, of complement ary 
colors, there were reasons for WHPReE NE @ — result’ by eee a 


ct? i? Ae ° ieee ESE in 

2/ Helndvolte’ s Treatise on Phystological nidee, English: transiiation 
with additions, ed. Southall; publ. oo Fn The © Optical, Society 
of America; see Vol. II, 301-304. 


3/ A. Gullstrand. Die Farbe der Macula centralis ee alka 
Ophthaln. (Graefe), 1906, 62, PPpe 1, 378 « : sve ‘ode 


4/ F. Dimmer. Die Macula lutea der menschlichen Netzhaut und’ die 
durch sie bedingten ae gens Erscheinungene Arche f.. 
Ophthalm. (Graefe), 1907; 65, 513-5446 
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‘pair of filters matched for over—all transmission, one colored, the 
other neutral. By mounting these filters side by side so that the 
eye or eyes could look through first one and then ‘the other, full 
‘advantage could be expected from the afterimage seen through the 
neutral filter following stimulation through the colored onee Alter— 
: nation of the filters at intervals of 5 or 10° “SEC. should give an 
-almost continuous display of the macular ardéa, Showing ‘the same 
“boundary or boundaries, first in one color and then in the afterimage 
of that color. These assumptions proved to be substantially correct. 
For most subjects the morphology appearing within the projected area 
seemed to be about equally clear in both the primary andthe after- 
image phases. In some it seemed more clear’ in'the afterimaze phase. 
This may be influenced by the order of experience, ‘singe’ subjects look 
through the colored filter first in initiating the entoptic image and 
then, on shifting to the neutral, the afterimage come §, a3 & distinct 
surprise to most observers. oe ig 
It may be assumed that the ies of hnistiest ‘epecka ab— 
sorption characteristic of the macular pigment would be determining 
for the filter needed'to call forth the most striking’ delineation of 
the macular. area, There are available some data on which to proceed. 
Sach reports measurements of the absorption of the macular pigment 
of the isolated human retina for different wave lengths in nine cases. 
The absorption:was unmeasurably small for sodium” light, and light ,of 
greater wave..lengths. : But. by gradual steps absorption was found ito . 
become greater as the ijviolet: end.of the spectrum was “approached. . In 
the case most completely studiedy 29.7 per cent’ absorption was, found 
for 510 mie, 3407 at.500, with gradual increases up to ig ‘per. ‘cent. 
absorption. at Web ap (line & ). beyond. which Sachs’ ‘reports no gther - 
meastirements- ., Kohl rause has reported: similar absorption, data for. 


_.,,, the “macy: ar- pigment. ; These tend to bea Little tigher than those. of 
-“? §aths in the region.560 to 500 m, but are very”close to thé former 


‘results in the 400's and. show a final:valué of 44 per cent absorption 
for wave length 440 me Recent results of Wald’, determined by 
_ threshold measurements with a 1° test>field centrally fixated and il- 


| “Suhinated. with different wave lengths;‘indicate that for the mean of 


“ae subjects:the macular pigment absorbs about 60 per cent of the light 
of “wave lengths 430-490 ma incident on the fovea. Relative to the 
iridicdted absorption at this spectral region, there was 0 absorption 
at’ 600 mp and beyond in the red. Wald includes in his Fig. 4 the ab- 
sorption spectrum of a partially purified preparation of xanthophyll 
extracted from human maculas which shows a maximum absorption at about 
4,60 - Foveal thresholds were not measured at this precise wave 
length, but threshold values determined for 436 ma and 492 mp fall on 


M. Sachse Arch. ges. Physiol., 1891, 50, 586.. 
6/ A. Kohlrausch. Ber. gese Physiole, 1923, 22, 495. 


7/ G. ‘lald. Human vision and the spectrum. Science, 1945, 101, 653-658. 
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the xanthophyll curve, and the 436 value shows a greater loss than for 
492 mie The data at hand thus appear to favor a violet-blue filter with 
maximal transmission between 420 and 440 mp. Wald's maximal threshold 
loss, found for 436 mp, happens to fall at @ point within this range. 

On the other hand, his visual estimates appear to fit the macular 
xanthophyll curve which would dictate the region 450=470 as” optimal for 
our filter requirement. Actually, blue filters which fall in either 
range or between these two ranges may be fairly satisfactory for re- 

: we the entoptic macula. ° Real 


In selecting a filter’for use in revealing the macula. it. has 

‘seemed obvious that, it should be deep blue. But, in addition to selec- 
‘ tion of. the right blue, there’is ‘still: an ‘improvement that should be 
possible by. taking advantage of the. repéated observation that the 

pigment does not appreciably absorb deep rede The optimal 
filter indicated should therefore be a purple dichroic passing deep 
violet—blue and.dgepred.: This should prodtice’ a macular spot that is 
both darker - and redder than its surrounds in the visual field. The 
red light passed by the filter will, in the afterimage phase, produce 
a green color, that, should add distinction to the picture which the 
‘observer. Sees on. looking through the neutral filter. This =e 
ma. borne, out in. trials. saat several subjects.’ ath | 


eS the time of. initiating study’ on the’ inna of macular 
plotting, the filters which the writer found if his possession that. 
most nearly represented thezdesirable’ ‘combination were’ some spe¢gimens 
of & light ntal form:(Nos:é%1635)" of ‘the ‘dichroi¢ filter, 
Wratten Noe 974 .The lattex:iproved saath £88 datk for securing. goed. 
results, while. 1635. gave fairly good “etitoptté “pilctiire es of the macpla : 

st the. sky or against: snow. Anéiitral® ‘gray. fi. lter,. Wratten Now: 

96, density 1. Sy adabed ihe wee ieheeeraiodt act on, of, 1635, satisfactorily 
so "that in. passing from ‘one tothe other theo Bserver, was not oennohons 
of @ large difference in’ brightness ahd’'saw By oléar’ ‘afterimages 
two. filters.were mounted side by sidé forming’ a flat. split-ficld. ye 
oF rectangular. wind For sake. of simplicity, ‘ordinary. 2.x%.2:in. slide 
‘binders “With good cover glasses, '352#° 40" mms, held bya ‘cardboard. frame, 
were “used as wpount ings. The opening'in thes framés Wias 24 x 34 mm. 
The frame serentore gave a clear view°throagh “an: area. of 17 x eh Tm. - 
for each £ Iter. . A pair of such:slides attached 'to a piece of .cardboard 
served, as Pretiewie ie erg ae vi acts «ied macular, hak cae 
oaerrert oe ‘ oe ao eo 
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¥ These ‘Specimens ted isla ela PRIA MDY the writer in another — 
connection by Mr. E. Ms. Lowry, physicist, Eastman Research: .. ° 


Laboratory, on April -6532943% | 


9/ Such arrangements have been used for camouflage détection but ‘not 
previously, so far as the writer is aware, for the purpose of 
facilitating the Sagyreaee of visual afterimages or of visual 


contrast. 
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' These split—field filter units, made of VW. 1635 and We. 96, 
D. ‘150, were demonstrated’ to several members of the Vision Committee 
at the time of the Rochester meeting and earlier to the aviation 
physiologists of the Army Air Forces. This filter combination, while 
providing a convineing demonstration for’ most subjects against the sky 
as background, failed or nearly failed with some and was not very 
satisfactory when used’ against the artificially illuminated window - 
of an X-ray viewing box equipped with fluorescent lamps. The trdns- 
mission characteristics of experimental filter W. 1635 are shown in 
_ the solid line in Fig. 1.: The maximal transmission at the blue’ end 
of ‘the spectrum was found at 490-500 mp with a cut-off towards the. 
middie of the spectrum at’ 540 mi. Beyond 620 mi transmission in the 
red was found to rise sharply and to approximate 85 per cent at 700 m. 


Soe wilcttcrt to find ‘a’ more satisfactory filter than W. 1635 
for use with fluorescent’ light, resource was had to sample albums of 
common theater gelatines, since colored filters of bétter quality were 
not’ available at the time. Eighteen slides were prepared and tried 
out comparatively by two observers. In judging these filters, the 
chief criterion was striking contrast between the projected macular 
area and the surrounding field in the primary phase, that is, when 
looking through the colored portion of the filter. Both observers in- 
dependently agreed in placing Rosco No. 28 (dark purple) at the top 
as providing the best results among the filters examined. Transmission 
characteristics for Rosco No. 28 are shown in the dotted curve of Fig. 1. 
The high point for trafismission in the blue fell betweeh 420 and 430 m, 
with a cut-off at about 515 m. This filter was more’ selective in its 
red transmission thari‘was found for W. 1635. Neutral WW. 96, D- 1.0, 
was used with Rosco No. 28 in securing the results here reported. This 
selection cannot be taken as a final choice, since undoubtedly other 
filters will become available before long for comparisons’ However, it 
probably approaches the optimal for such a filter for nadine the 
‘observing conditions here adopted. | 


Macular plotting conditions. 
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_,.... The arrangements for plotting the caaien 3 area were simples 
onés. The subject ‘was seated ata small table, and ‘his head was sup- 
ported by an adjustable chin rest. At the other end’ of the: table an 
X-ray vi ox’ was placed at the proper height to serve ‘ad a’ tan- 
gent scre The distance ‘from the observer's ‘eye to the frorit of 
the {Tumi nated window was set at 114.6 CMs» $0 that a tangent dis- 
tance on the screen of 20 = should equal 1° of visual angle. . The. 
window was illuminated by wo fluorescent lights of daylight quality, 
and the light ee at the. middle of the field measured 35. f.c. 


i The “Sax used was Motte Dv, eager Roentgen baa ' 
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About 1 f.ce of Mazda lighting from a ceiling fixture was incident on 
the window so that the surrounds of the box were not in complete 
darkness. a small cross inked on the glass at the center of the 
lower half of the window served as a preliminary fixation point. 
Thevupper half of the window was covered by translucent tracing paper 
ruled.:in millimeters with centimeters accentuated. These rulings 
were.in blue-green ink and were quite faint as viewed against the. 
brightness of the windowe Two black dots were placed on the tracing 
paper, .each dot 5 cm. up, 5 cm. in from the lower left hand and 
right 7hand ruled-corners, respectively. These dots served as fixation 
points during the monocular plottings. After viewing the entoptic 
-ig pPOjécetion through the filters while fixating the cross in the lower 

half of the window, the subject was asked to draw a rough sketch of 

- the figure seen. The experimenter then ‘proposdd that the position of 
‘warious ‘boundaries of this figure be determined‘for each eye separately 
while the figure was viewed surrounding ‘the fixation point located on 
the plotting paper. A very thin pencil with~well sharpened point was 
used by the experimenter who passed it along one radius from within 
the figure out toward the boundary and made a small mark where the 
subject reported it coincident with the boundary. Then the pencil 
point was passed from the outside toward the boundary. In this manner 
points were plotted at the top and bottom for the vertical axis and 
for the horizontal axis at the right and left borders of all areas _ 
observed. .After the cardinal points had been plotted the subject was 
asked to.sketch in the remainder of the picture on the chart, filling 
out the! bouhdaries and other’ detaiis. Notes included comments of the 
Subject om smooth or scallopéd: edges, on petal-like structures, etc.; 

‘alsa_hts.report on the color’ofthe background, and of the macular 
pictureland any defined parts'éf' it, both in the primary phase and in 

+rthevafterimage phase. He was-repeatedly instructed to hold the fixa- 
tigm point carefully and to #éport the presence of any dark specks, 
spots, or blotches that might appear within the boundary of the macular 
picture or around ite . 


Subject personnel | ' : 


5 a) .* wid Pe Be fe HU" 
“ se acv ..The subjects ansthis “pBeLiminary experiment were 20 young men, 
 Yenging jin.age from 19:to 322 IThey “were not selected on the basis of 
any visual. test or dthdritastis; and were: qgiite tifrdined so far as the 


pregentrtype of observing'mas' convern ‘“Bleévenof the subjects had /. 
sage wd: odd Le yom Ooell JF Qe arw role 
m j-peiv % * teres’ biusde ome OS. To fue 


The subjects ‘werefrom a gwouptdf Ci. s' stationed at the Yale 
_Me@dicak, School, who were cooperatin iff an’ “éxperimental jaundice 
study. They were all in good health at the time these tests were 
conducted. Grateful acknowledgment is made for the services <ef- 
Mr. Peter Bermett, a: menbut of the C.O. group, who served as =~ 
assistant and carried out the tests. 
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FIGURE 
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——-- — oe ais es lees 
Spectral transmission curves for two filters tricd .. | . 
in connection with entoptic macular plotting. The . , 
solid line curve represents an experimental filte rae | al 
W. 1635, considerably lichter but otherwise similar en 4 | 
‘ to Wratten 97. The dotted line curve represents a 
theater gelatine,-Rosco No. 28, dark purple. The__ 
latter was found to be more effective, especially 
with fluorescent light. 


| 

t 

. 
} ‘ 


(PERCENT 


+P 


“TRAN SMI 


io) 


ot Re ee 


420 440 460 480 500 520 540 560 580 600 620 640 660 680 


Date 2-15-45 © WAVELENGTH W 1635 Color Measurements Lab. 
Test Noe 31152 (millimicrons) Masse Inst. of Teche 


22. 


sufficiently good vision that they needed no glasses; 9 subjects wore 
glasses. Subjects were examined one at a time in a large airy room 
with no daylight light. The subjects wére examined during daytime, 

and no special attention was given to their light adaptation level. 

as a rule they came from other rooms in the building .or adjoininy build- 
ings and were in the' testing room several minutes before the plotting 
started. They came one at a time, the instructions were as indicated 
above, and: the tests were limited to monccular presentation. The cye 
color of each subject was noted, but the number. of men: was not suffi- 
ciently large to warrant oysteiia the. erqup: dn seertivt eto on this 
basis. ‘ re 


, LA hy re ae ee 
Of the 20 subjects, 19 were aa te see with ‘nil eye .a macular 
picture projected as an entoptic experience. The single subject that | 
_ must be counted as a failure reported seeing 2 very small spot right at 
the first, but before this could be plotted it had disappeared, and re- 
peated alternations of the filters and trials with several other pairs 
of filters failed to give positive results. This subject, tested about - 
two weeks later, was again unable to,see. a macular figure. 


Results for macular plotting 


The ‘usual macular aint which! ‘the observer, under the con- 
ditions outlined, sees surrounding his fixation point resembles the 
center portion of a. circular target.chart.. At .the very -center is a oe 
small round spot or dise of homogeneous quality with fairly sharp, smooth 
boundaries. The disc is surrounded by a ring or band that.has an over—. 
all diameter about three times: as large.-.-The-ring-is-brighter-thin the 
’ central spot, has less.color, or may’ appear of the same chromatic quality 
.as the visual field outiside the total macular picture. The outer cjr' } 
-cumference or boundary of: the- ring-is- fairly.clearly- marked and. evens ._ 
Outside the first ring is a second and broader ring or band of the same | 
color as the central spot but more or less saturated. The over~all 
diameter of the second-ring-equals about--2}° of visual angle. The out- 

side circumference of this second ring is usually rather indistinct and 
fades into the visual field surrounding it, Sometimes the circumference. 
--of the- second ring is described as smoothly round, sometimes as-scal- - 
loped or resembling a "shell burst". Occasionally it is reported as 
quite irregular. A chart for subject F. F. is reproduced.in; Fig. 2. 

» None of the -19 subjects -used in this series reported-a: third ring or 
any'distinguishable area differing from the background: surrounding the 
larger ring.: In plotting, the convention has been followed of number- 

- ing the ci areas from.the -outside tothe -eonters:: ‘fhe visual field - 
surrounding t e.macular pict is designated as, Noe O, the larger ring 
as No. 1, the smaller ring No.2, the center’ spot Noe.3¢ ‘With the fil- 
ters’ ‘employed these areas’ are usually distinguishable in terms of ‘color. 
On the chart for subject F. F., reproduced as Fig. 2, it will be noted 
that when viewing the macular picture through the purple. filter the» 

~- subject; reported No. O as light blue, No. 1 as pink-purple, No. 2-Tt cht 
blue, No. 3 pink-purple, more intense. The afterimage, as seen through 
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the neutral filter, was reported: No. O gray, Noe 1 bright light 
green, No. 2 gray, Noe 3 bright lisht greene The color reports for 
the two eyes are usually the same.e aA comment recorded with this 
chart reads, "Image often very poor after a few minutes of lookin; 
at screen." This comment points to the desirability of working with 
the eye in the rested condition and avoiding continuous staring at 
the bright screen. 


Not all subjects see the central spot, Noe 3, as distinguished 
from area No. 2. Of the 19 subjects who were able to see a macular 
picture only 14 could distinguish a plottable central spot for 0.S., 
and only 12 for 0.D. The average diameter for the 14 0-S. plots was 
10.3 mm. with a range 765 to 14 mm. In terms of visual angle this 
equals an average diameter of 31' and a range of 22'-42'. In half of 
the 14 cases the central spot as plotted appeared to be round and in 
the other half, oval or eccentric. In only two of the oval pictures 
was the long axis clearly horizontal. The fixation point appeared to 
be central in 11 cases and clearly off center in 4 cases. No positive 
scotoma were reportede The color of the spot was usually reported as 
homogeneous purple or some variation of. purple, such as red-purple, 
pink-purple, light purple, or magenta. The 12 cases for whom a central 
spot was plotted on the 0.D. charts gave an average diameter of 11.0 mn. 
with a range of 9-14 mm. In terms of visual angle this equals an 
average of 33',; range 27'~42'. In 5 cases-the plot was round, in 7 
cases oval; 4 of these showed the long axis horizontal. In 10 cases 
the fixation point was central, in 3 cases off center. In no chart was 
the fixation point so far off center as to fall out side or even near 


the. boundary of area 3. 


Area No. 2’ was plotted in 14 of the 0.S. charts. In 2 cases 
this area appeared homogeneous throughout, that is, did not show a cen- 
tral spot or’ area No. 3. The average outside diameter in these 14 charts 
was 22.9 mm., range 17~31 mm., equalling an averace of 69! and a range 
from 51' to 93' of arc. In 5 of the 14 charts area No. 2 appears to be 
round, in 7 cases it was oval, 5 of these with the long axis horizontal. 
In 2 instances what has been recorded as area 2 appeared as a crescent 
with rather irregular borders partially encircling central area 3. The 
crescents were complementary to each other in each pair of charts, 

appearing on the right hand side of the 0.S. chart and on the left hand 

side of the 0.D. chart, that is, on the temporal sides of the fovea in 
both these cases. The color usually reported for area 2 was a fairly 
close match for the background field, that is, No. 0, but sometimes it 
was reported in the primary stimulation as light purple or violet. In 
the 0.D. charts area 2 was present in 15 cases. The average diameter 
was 23.7 mm., range 16+35 mm., equalling a mean of 71', range 84'~105'. 
In 7 cases area 2 appeared to be rounde In 5 instances it was oval with 
the long axis horizontal. There was one case who reported the boundaries 
of area 2 for both eyes as thirties nnerene but quite sharp at the top 
and bottom. 


. 
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The, over—all. maculse chsh area 1 sinntinblstels which was 


visible in both eyes to 95 per cent of the subjects, was reported both 


as a primary stimlation and as an afterimage with no observable change 
in size between the primary and the afterimage views. Of the 19 0.S. 
charts 12 may be classified as round and 6 oval. Four of the latter 


..showed the long axis vertical or oblique, 2 horizontal. In cases of 
oval charts or outlinés, here as elsewhere in this study, the mean 


diameter has. been taken for purposes of averaging. The average diam- 
eter of these 19 charts, measured to the outside border of area l, 

was 52.4 mme,-range 40-85 mm. In terms of visual angle these values 
equal an average of 2937! and a range from 2°-4°15'. The 19 0.D. charts 
for area 1 show 8 round, 7 oval, with the long axis horizontal, and 4 
oval with the long axis vertical or diagonal. The average outside 
diameter for these charts is 54.4 mms, range 41-86 ms 5 equally average 
of 2°43' and range of ae -4°18'. 


Discussion 


‘If we icity Son" average hewdiay for 0.Sé° and 0. De for re- 
spective areas reported’ in the macular figure, we find average diameters 
of 32' for No. 3, 70". for No. 2 and 160' for No. 1 are The three 
average values-approximate a series in proportion, 32 : 70 : : 70: 160. 
To fit exactly, the terminal value would be 153. The ratio of area No. 
3 to No. 2 minus No. 3 is 1 : 368, and the ratio of No. 2, including 
No. 3 to No. 1, minus No. 2 plus Now 3, is 1: 4e2- Visual acuity 
measured at the center of the fovea and thence along a radius from that 
point has been pictured as a sharp smooth decline with no indi¢ations 
of steps corresponding to the three zones or their borders observable 
in the macular picturee With a technique available for charting the 
maculae of each observer the application of visual stimuli may now be 
made more uniform and comparable. But it must remain for future experi- 
mentation to discover if and in what manner the boundaries of macular 


é areas define zones of varying functional character. 


These studies of snatlar plotting give us no detailed object- 
ive information on the minute correlation between the pigmented areas 
and the groupings of photoreceptors in or near the foveae They do offer, 
however, circumstantial subjective evidence of importance when con- 
sidered in connection with objective data that are available. The 
entoptic macular figure is certainly darker than the surrounding field 
when viewed through colored filters, thus indicating loss of lizht 
through absorption. The figure is brought out best, in terms of | 


i2/ The average area No. 1 may be a little large due to case T. Les 


who showed diameters of 85 and 86 mm., while there were no values 
found for the other subjects as high as in the 70's but several 
in the low 40's. On the other hand, T. L. gave a relatively: 

high average for area Noe 3 with 13 mm., but could not distinguish 
an area No, 2. 
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brightness, by deep blue or violet—blue light for which the yellow 
pigment of the macula has shown maximal absorption. The macular | 
picture is charactcristically concentric and symnetrical around the 
‘fixation point. The boundaries must: always be vicwéd without 
~ actually fixating theme In most instances the figure is observed to 
be made up of different areas: or bands which are concentri¢ with each 
other. In the plottings so far made never.more than three concentric 
areas have been distinguished. dred Nos 3 or Noe 2, ‘or both of them, 
may not be reported enclosed in area No. le Usually the ficure seen 
with one eye is substantially ‘the same as that seen with the other. 
Subjects retested after an interval of several days show quite similar 
‘charts. Viewed binocularly the macular figure appears more substantial 
and with more distinct boundaries than when seen with one eye alone, 
especially in untrained subjects. ‘No subject had an off center fixa- 
tion point displaced as far as the ‘plotted border of his area No. 3. 
Two cases, not in this series of 20 subjects, reported small black > 
spots (positive scotoma) near or at the center of area 3; both cases ~ 
had eccentric fixation points but not outside this area. 


+2 What do these areas correspond to in terms'of the fovea? Is 

it probable; that they are so many different areas of the foveal pit 
‘itself? Perhaps it is not too early nor is this investigation too 
preliminary to warrant an attempt to answer these questions. Histo- 
logical studies of the Macaque and of the human retina, as recently 
reviewed and reported by Polyalds/ show that the yellovi pigment is most \ 
-. gaturated along the slopes of the foveal pit including the margin of 

“the foveal floor. The floor itself, in comparison with the slopes of 
the pit, is described as practically colorless in the Macaque where 
the floor is flat and also in man where the floor tends to be coricave 
in contact with the vitreous. Peripheral to the external’ border of the | 
“ foveal depression the amount of pipment found in the retinal tissues 

- becomes gradually less, decreasing until it fades out at the temporal 
margin of the optic disc, and in other directions this very faint pig- 
mentation may appear nearly as far as to the large blood vessels sur- 


‘. pounding the central” area. ‘The - known and characteristic distribution 


- of the pigmentation in- its various degrees of saturation thus scems to 
offer a-parallel which’ agrees im part: with the. entoptic | macular figure 
found:‘in these éxperiments. - Area. No. 1-as plotted in our charts. cer- 

_ tainly: does not correspond with the ‘broad pigment distribution found 

- in histological studies to’surround’ the outer border of the foveal pit. 
While Area No. 1 has a fairly faint periphery, it fails to demonstrate 
the extent of gradual fading which’ thd’ larger pigmented area would 
seem to require and is also much too small to represent that area. 
Area No. 1 most probably corresponds to the main slope of the foveal 
.pit; reaching toward the upper margins where the depression begins and 
Ancluding the lower margin where it terminates in the floor of the pit. 


wa - L. Polyak. indus: iehonealicy of Chicago FEORM 


Siieces, 1941. Pp. 607. 
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Polyak (see his Fig. .38 and page 198) gives the width of the entire 
foveal depression measured from edge to edre for man as 1500 p corres- 
ponding, in terms of the conventional eye, to 5°. This is almost 

twice the angular diameter found as an average for area Noe le The 
indications are that our plots of area No. 1 exclude the outer foveal 
border and a portion of the depression which may have less yellow 
coloring then the lower slopes. If the angular diameter derived, from 
measurements on tissue specimens is to be accepted, then it would seem 
that area No. 1 does not fully encompass the rodless territory. 


2 The entoptic findings appear to be in close agrecment with 
tissue descriptions and measurements for the larger portion of the floor 
of: the retinal pit. The floor is almost colorless or very slightly pig— 
mented in comparison with the foveal slepes and measures 400 p across or 
slightly more, which is taken to equal 1920'. area Noe 2 in the macular 
figure is found to be colorless in the sense that it matches the field 
surrounding the entire figure or is faintly colored in the chroma of 
area No. 1, and it measures 1°10' on the average for the cases studied. 


The case for area Noe. 3 is not so clear. The floor of the 
retinal pit contains a depression termed the foveola, at or near the 
center of which is a still deeper area called the umbo or navel (see 
Polyak, page 198). The diameter given for the foveola, 350 p, would 
equal 78', which is too large to fit area No. 3. Presumably the umbo, 
which is a fovea within the fovea, corresponds with the ‘point of fixa- 
tion and will be found in register with area No. 3, contained or partly 
contained within it. At present, data on the diameter of the umbo seem 
to be lackinge Polyak points out that extensive data are not’ yet 
available.on the precise form of the foveal fundus in mane Area No. 3 
corresponds in brightness and color with area Noe le Some of the dif- 
ference in brightness and color between area No. 2 compared with areas 
No. 1 and No. 3 is probably due to contrast enhancing the differences 
but not basically accounting for them. Light, absorption by the yellow 
pigment would appear to be a basic reason for entoptic results found. 
But so far as the writer has been able to learn, it has-not been re- 
ported that the umbo shows a concentration of yellow pigment comparable 
to that in the great slopes of the. pit. Conceivably, this may be found 
to be the case. On the other hand, it seems more plausible to apply 
Walis'1s/ data and arguments and assign the darkening of this area to 
‘the refraction effect of a sharper ‘slope than is present in the foveola 
generally and which operates as a magnification device distributing the 
light over a larger area and thus somewhat decreasing its apparent 
intensity. Pigment and the sloping surfaces of the fovea thus operate 
in the same direction in darkening the macular’ fizuree Further pur- 
suit of an attempted parallel between the histological and entoptical 


14/ G. L. Walls. The Vertebrate Eye and Its Adaptive Radiation. 
Cranbrook Institute of Science, Bloomfield Hills, Mich., 1942. 


Pp. xiv-785. : 


Bin 


results is probably not warranted at present. However, on the basis 
of the entoptic results we may predict that further histological find- 
ings will show a small island of fairly saturated yellow pigment at 
the center of the foveola, or that the feature called the umbo is a 
fairly sharp V—shaped depression, or that functionally the photore— 
ceptors at this region possess a significant decrement in their rela- 
tive responsiveness to light along with itheir peculiar mandate for 
dominating visual fixation. 


In conclusion, the results of this unit indicate that. ent- 
optical macular ‘plotting offers promise as a visual measure as a supple- 
ment to field perimetry. It can be carried’out rather simply on most 
cooperative human subjectse It providés a teohnique for detailed study 
- of the fovea that is functionally direct and’ comprehensive. It takes 
the subject into full confidence and thus stinmlates the interest of 
_the person who ig.examined. It may +-serve ‘to“advance knowledge and 
practice in a variety of problems otherwise difficult of approach. 
Its uses and limitations, be gcitoeae in he gorau ord ete eak largely © 
remain to. be Salas 


“¢ 


| Discussion: _ . 

ae Dr. Peckham adeed: if RE would be made between Dr. 

' Miles' results and the results of scotopic perimetry. Dr. Miles 
stated that such correlations would be made in cooperation with it « 
Comdr. Sulzman. a 


nee. Dr. Tousey reported similar entoptic observations made in 
looking at the ceiling without filters. 


_ Dr. Berens asked if the avascular area can be plotted by this 
method. Dr. Miles thought that the avascular area is larger than the 
area demonstrated by his method, but Dr. Berens expressed the opinion 
that it is just a little smaller, less than 23°. 


Dr. Scobee pointed out the value of this method in demon- 
strating early lesions of the fovea before fungus could be detected. 
The area is so small, however, that if a parafoveal lesion were 24° away 
from the fovea it could not be demonstrated. : 


lt. Farnsworth stated that. Dr. Miles's method might be impor- 
tant in determining the effect. of macular pigmentation on the perception 
of color seen at small subtense, for example, for sifnal lights and color 
coding. Color is usually selected as though it were to be seen at large 
subtense; color seen at small subtense changes radically. 


‘ 
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Comdr « De Re Eo Brown 


There have been few developments in Naval Cemouflage in the 
past four years. I believe the progress has been in the application 
of visibility laws and in applying principles of concealment design 
long known by a few, neglected by the Navy as a whole, and often 
opposed by that great majority of people who have cycs but’ sec not. 
The job has been one of selling through demonstration even more than 
by research and development. There are a few exceptions. 


Naval aircraft camouflage, camouflage of surface ships, of 
landing craft, of submarines, and of ground emplacements can all be 
summed up briefly. 


The various tactical situations were put down in order of ex~ 
pected importance. Naval aviators without exception were most concerned 
with concealment from enemy eyes above them. Next from enemy eyes 
below them. In both cases over water. The oovious result was a design 
which was a dark shade on top, and white below. I say obvious. It was 
Obvious to a fewe It took a lot of demonstrating to convince the 
Bureau of Aeronautics that white on the shady side of a wing was a 
better match to the blue sky above than a sky blue paint. Eventually 
white won out. It also required a regular sales campaign to show them 
that a paint of very dark tone, nearly black, and having some gloss, 
was better for topside of wings than a "nonspecular" paint of a lighter 
shadee The dark, "semi-glossy" paint won out. Incorporating semi- 
gloss paint in the aircraft camouflage design may be considered a de- 
velopment, for a considerable amount of new work was necessary. By cut 
and try and measure we arrived at a shade and gloss which, when under 
direct sunlight, would appear as dark as deep sea water directly below 

and when seen from other angles would appear to increase in brightness 
just as the sea would become increasingly bright when viewed from more 
oblique angles, especially over a calm sea. , 


Later the tactical situation changed from defense tc offense 
in the air and speed became more important than concealment. Also 
production of aircraft became more important than any concealment at 
all from the enemy. The result of all this was that high gloss for 
speed—in-—flight and one shade of paint for speed—on-the—production— 
line were adopted. The dark tone, still most essential for concealment 
from above was retained. Black was obviously the best shade for night, 
where searchlights were the principal detectors. That required little 
sellinge Obvious to some of us, white was the hardest thing to see 
against the sky at night when artificial lights were not present. That 
took more selling, but white was finally adopted for some of the planes. 
Just what ones I can't say because by that time I had left the’ Fleet 
Aircraft Tactieal Unit and my work with the Bureau of Aeronautics and . 
gone over tc work with Ships. 
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iintnee ship ‘aiasiiieas design had already been well devel- 
oped in World ‘iar I. It. had been found tnat the concealment of large 
ships was more difficult, even under low levels of illumination, than | 
deception. Also that deception, as to course,type and speed was a 
better weapon against submarines than partial concealment. Hence, the 
deception patterns. liost people look upon these as hit pr‘miss razzle- 
. dazzle splotches; but actually they are patterns carefully designed t: 
falsify structure and perspective in such a way that. ships on one 
‘course appear to-be on another. Almost all of the patterns that fal- 
sified course automatically’ ota and in some cases: made impossible, 
ship identification as to type. 


' The first concern of’ our surface ships in the. early phases 
of the war was enemy aircraft. Hence, ships were simply painted dark 
blue. The next phase called for course ‘and type deception patterns 
against enemy submarines, which were always considered a great poten- 
. tial enemy. However, low visibility was always held. of great importance 
- to many and of first. importance'to some. But only a few could agree 
on the time and ee it. yous: be mat needed; none: on how ab should 
be achieved. . | 1-95 


All of the. nents Sh were divided into three: alias 
(a) patterns of strong contrast which were most effective for course 
and type deception, but. which were never in the lowest visibility | 
group, (b) patterns of medérate contrast which resolved to a relatively 
“light toned silhouette with distarice and were least visible against a 
_ sky background ..and hence ifivisible under scme night conditions, (c) 
‘patterns of moderate contrast which resolved to a relatively dark 
toned silhouette with distance and were less visible against the sea 
- ‘or shore background and hence invisible under some night conditions. 
- Unfortunately, the tactical conditions could not be predicted far 
' enough in advance to permit. selection and -applicetion of the appropriate 
degree cf contrast with any degree of efficiency. The fact that our 
- ships had pretty close to the proper painting for each of the: various 
phases of the war, was more a matter of luck and lucky blundering than 
strategic planning. The unfortunate exception was the lack of decep— 
tion patterns in the Atlantic when U-boats were taking a toll of 
American lives far greater than was, perhaps, necessary. : 


Later, when enemy aircraft and shore batteries came to the 
fore, and the threat of enemy submarines was more than propertionally 
reduced, the deception patterns were replaced in many cases by simply 
painting the ships dark again. Conspicuity and disfigurement were the 
principal objections to patterns. It is of interest to note that : 
conspicuity was confused with highly visible. Many wrongly assumed 
that if a ship was conspicuous at a short range, it was a foregone 
conclusion that it could be seen farther than a less conspicuous one. 
Considerable effort was given to correcting this misunderstanding, but 
I'm sure the confusion still exists in the minds of many. 


(Bei hiy 5) 
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For small boats, landing craft and submarines, concealment 
was always considered paramount. The questions again were "here, 
when, and from what direction was concealment most needed?" These 
questions had to be answered by high ranking officers who knew 
strategy and tactics. Admiral Turner saw early in the game that 
concealment for his landing craft was highly desirable and he himself 
designed an interim measure which was more effective than the plain 
blues in use at that time. In December, 1942, he requested camouflage 
efficers to make a firsthand observation of the Solomon Islands and 
other islands and atolls in the South, Scuthwest and Central Pacific, 
from land, sea and air. as a result cf this survey, we were able tc 
design a pattern for landing craft which, though difficult to apply, 
was very effective for concealment against a wide variety of backgrounds. 


The war moved too rapidly in the Pacific to do much with 
ground installatior, nor did the type of open sea warfare and short 
term land invasions call for much concealment of ground installations. . 
As far as I know, no new developments were made either by army or Navy 
along these lines. Very elaborate and costly installations were made 
by both Army and Navy in all parts of the United States and the 
Hawaiian Islands. Certainly there was no need for new developments. 


Our submarines at the beginning cf the war were painted 
black, which is as good and practical a’ shade as any for horizontal 
surfaces which face upward. Black gave ample concealment from ‘aerial 
observation while the submarines were at periscope depth in water that 
was deep and not too calm. Like most people, though, the "Submariners" 
thought that black was the safest shade at night, regardless of where 
and how it was viewed.: They felt more secure on the surface than was 
warranted. Again it took a series of demonstrations to show that even 
white can appear dark and.that if submarines were going to operate on 
the surface at night, where they cculd maneuver with greater ease and 
much greater speed, black was not the best shade for a one-all-over 
paint job. Two gray cesigns were developed and adopted; one for gen- 
eral use including night surface attacks, and the other fcr special 
reconnaissance patrols in certain restricted areas. Each is an 
elaborate design, requiring a good deal of supervision in application. 
Many shades of gray from so-called black to white are used in an effort 
to arrive at a soft, simple looking tone. Because+of the limited 
number of submarines, great care was put on the individual painting 
of each. Special paints-were made just for submarines; detailed 
specifications were issued and paint crews instructed at every sub- 
marine base and submarine tender from New London to Western Australia. 
But the, effort was worthwhile. More enemy shipping was sunk. Sub- 
marines got closer to the enemy unsighted. "Submarincrs" gained even 
greater and more warranted confidence. 


No new principle had been propounded; just the explanation 
and demonstration of the principles cf visibility and of concealment 
design—-principles as old as fish. The follow-through to the painting 
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was important. "Submariners" became interested in the principles cf 
visibility and concealment and learned a lot about. its advantages and 
limitations as applied to their own ships. © 


Application of concealment principles, which we might sa 
are principles of visibility used in reverse, has, however, demon- 
strated that other people should be given some instruction. Safety 
_ demands a better understanding of what we see, why we see it, and how 

.far' we can see any given thing under.any given condition. hat are 
.. the factors at sea, and in flight, that have the greatest appreciable 
_influence on the four fundamental variables of scar neti How much 
do —_ affect them? 


Our work in Chintnetenels has taught. us that aithouas con- 
.Siderable progress has been made in recent years in the science of 
visibility, there still remains a great need for further research in 
this field. Neither the Navy nor the “eather Bureau has; as yet, the 
information it needs. for visibility forecasting or for getting the 
most out of seeing when it comes to search and rescue, use of optical 
instruments, or the thousand and cne common tasks for. rag ta we should 
know how to use our eyes, but don't! é 


he T believe it is ; important that: sreiebigal oti ‘be icopk 
before those conducting a research. It is important that reports of 
investigations in the field of visibility: be _: saseall a tore that the 
~— can understand. ge: 7 ore 


I have observed that the rato of progress er some iivetd~ 
gations has been accelerated by a person interested -in the application 
of the - esult, as well as by the ability cf the scientist: making. the 
investigation. I'm curious to know hew the investigations now under 
way are coming out, anxious’ to see the constructive. uses..to which a 
new and. broader mmcaratendang of seeing maces be pute fe" 


| But: I am not. “eatieFied that. the sana inet nov invest get 
dial vision and visibility are: sufficiently organized forc ited - 
effort... There is no national or international body. for standerditing 
even the terms and measures used in visibility research. » There is today 
no national organization set up with authority and. financial backing 
that. can direct a broad investigation into the factors of seeing, upon 
which, to a certain degree, the public safety will always depend. Nor 
is there a-central clearing house for the distribution of what is al- - 
ready. known. There should be, there must be, a course of instruction 
in’ qualitative and quantitative seeing g available to every man who drives 
a car, every railroad engineer and fireman, as well as to aviators.and . 
men of the seae I believe we should start by teaching simply the | 
limited facts that are known now to pitiably few: elementary principles 
of contrast, color, form, reflectance, and so on. Then it is up to you, 
to those of you who are trained an?’ qualified, to pursue these subjects 
further. Establish for us standard terms and measures. You will 
probably have to agree on standard instruments and procedures for 
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investigating, too. There will have to be groups established for 
collecting data and other groups for classifying and integrating it. 
You will have to include not only men with knowledge of the physiology ' 
and psychology of the human seeing machine, but also physicists 
trained in optics and who can analyze the micro-physical properties 

of the atmosphere through which we see; photometrists to measure the 
brightness contrasts; meteorologists familiar with the lower levels of 
the atmosphere; and aerologists who can study the upper air. 


Discussion: 
At the conclusion of his paper Comdr. Brown proposed that the 
Vision Committee petition the Congress, through the proper channels, to 
establish and finance a Federal agency to conduct a program of vision 
and visibility research. 


Comdr. Peckham stated that there is a need to use civilian 
scientists already at work and that it is not necessary to petition 
for special funds. The continuance of the Vision Committee would en— 
sure that research would be recommended and that qualified personnel 
would be employed for carrying it out? Others agreed that one of the 
responsibilities of the Vision Committee in the future would be cog- 
nizance of available financial support for vision research. The Secre~ 
tary pointed out that Congress has not yet passed. legislation for a 
national research foundation, and suggested that the motion proposed by 
Comdr. Brown be tabled. 


| Comdr. Brown’ agreed to table the motion, and suggested that, 
since the Vision Committee is not a research azency, but a clearing 
hguse for research, a substitute resolution, recommending that a corre-~ 
lated, integrated, and properly financed research program in vision and 
visibility be undertaken, would be ‘in order. Several menbers agreed that 
funds for research will be available, and active encouragement and finan— 
cial support for visual research are necessary. 


The following substitute motion, formulated by Comdr. Dyke, 
was adopted unanimously: 


"The Army-Navy-OSRD Vision Committee will consider 
it one of its primary duties to determine visual 
problems on which research is needed and to foster 
the devotion of adequate funds, facilities, and 
personnel to research for the solution of those 
problems." 
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4. PROBLEMS IN THE DESIGN OF RANGEFINDER RETICLES 
Dr, ¢. He Graham | 


The of SRN report of work done under Contract OFMsr-1059, Division 
7, NDRC, was originally presented at the Joint army=-Navy-OSRD ~ 
‘ Conference on Paychological Problems plaid Training, 15-16 
- hagist 19456 


introduction 


It would be impossible, within the time limits available for 
my report, to give a full discussion of all of the factors in reticle 
design which determine the stereoscopic performance of rangefinder per- 
- sonnel. For this reason I shall restrict phe to consideration. of 

two important aspects of the topic. 


performances 23 3 function of hoisht of image adjustment 


The variability of observer performance is: solani affected 
by a condition known as "height break." Height break: occurs when‘the ~ 
positions of the target images for the left and right eye: vary’ in'ele~ 
vation with respect to the reticle. In the operating situation it 
occurs when improper height of image adjustments are made. . 


“An. example of height break is shown in Sian 1° In this 
figure the reticle is a circle. .The observer regards the reticles in 
Figure 1A, and under proper conditions of instrument adjustment, the two 
eircles are fused if the target for the left cye is in the same Sicha 
_ relative to the reticle as the target for the right eye, -In Fi 
this..latter condition is not encountered. The target for. the | by lg cye 
Ae, relative to the revigle; lower than the target for the weft eyes 


ie . Figure 1B sheniies diagram vésrcactbiue. x albhldR ticks: on a 
hypothetical “fusion eenter" (within the observer) of the target and 
reticle combination of, Figure, 1A. . The target is represented as. fused, 
a condition holding under usual ea doantene The reticle is single 

but. appears in a distorted manners... Eee tang BA 


A conceptualized view of what the nadie sees as he looks 
at the two fields of view in the rangefinder is. given in Figure l1C, 
where it is supposed that a. hypothetical observer is regarding, from the 
side, the hypothetical visual; objects which the stereoscopic observer 
regards through the rangefinder eyepieces. The objects as seen from the 
conceptual viewpoint consist of a target, localized in’space, and a cir- 
cular reticle twisted out of shape in such a marmer that the highest and 
lowest points of the circle seem nearer to the stereoscopic observer, 
the middle part being farther away. The amount of distortion is not a 
small matter, for it can be shown that, relative to the size of the plane, 
it is considerably larger than is indicated in the diagram. Obviously, 
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when a reticle shows such an appearance, it is impossible for an cb- 
server to range on a target, for the observer does not know which part 
of the reticle to use for reference. In other words, great inaccura- 
cies may come about due to a condition of height break. In extreme 


circumstances, ranging is impossible. 


Consider some theoretical aspects of the distortion. Fisure 
1B indicates that, when the target images are fused, the reticles for 
the two eyes provice conditions of retinal disparity, as indicated by 
the symbol d. Points on the reticle for the right eye fuse with hori- 
zontally aligned points for the left eye, but because the disparity, 

d, varies as a function of the condition of "height break," horizontally 
aligned points for the two reticles have different disparities, an1 
hence points on the fused reticle appear at different ranges. 


The circle demonstrates height break effects in an extremely 
striking manner. However, it may be shown that deletcrisus effects 
due to height break occur whenever curved or slanting lines are used. 
Figure 2 indicates results which have been obtained with 2 great number 
of reticles and under various conditions of height break. It will be 
seen that some of the reticles give a very great increase in variability 
of performance as "heizht break" increases, whereas others do note In 
particular, it should be noted that the Navy diamond reticle is poor 
in this regard, whereas a reticle which presents simple vertical lines, 
as in Figure 3, shows very little change in precision of performance as 
height break increases. y 

The reticle of Figure 3, a vertical line reticle with fore and 
aft marks, is extremely resistant to height break and is one which has 
been recommended to the Navy. 


False fusion 


Another interesting group of psychological effects centers 
about the problem of "false fusion." 


Figure 4 represents the effect. Figure 44 shows a view of 
the field for the left eye and for the right eyee (Numbers above the 
reticle marks are presented for ease in identification. They are, of 
course, not present in the reticles themselves. ) 


When the right and left eye views of Figure 44 are fused 
properly, the observer sees the view of Figure 4B; a view consisting of 
three fused lines hanging in space, where lines 1 and 4, 2 and 5, and 
3 and 6 are fused. However, it is possible for an anomalous condition 
of fusion to occur where line 1 is unfused with any line of the right 
eye reticle; 1#he 2 is fused with line 4; line 3 is fused with line 5; 
and line 6 is unfused. The unfused lines take up the spatial position 
dictated by the fused lines, and the whole configuration appears in the 
space assigned by the fused lines. The lines of sight to the reticle 
under the latter conditions are more diverzent than is the case under 
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proper fusion conditions. For this reascen, the reticle seems farther 
away to the observer than it does when proper fusion occurs. at any 
rate, the net result of "false fusion" is to make it »ossible for the 
observer to establish contact between the target and the reticle at 
more than one setting of the range scale, ieee, for a position of truc 
or false fusion. How many of such settings can be made, and whether cr 
not they can be made, depends upon the geometry of the reticle uesim. 


A simple preventive of false fusion consists in placing fore 
and aft marks in the reticle. The provision of fore and aft marks makes 

it impossible for incorrect fusion to take place without a perceived 
doubling of the fore and aft marks. Because cf the fact that fore and 
aft marks have been judged to be useful in "spotting" as well as in 
preventing false fusion, they are valuable additions to the principal 
reticle configuration. In addition, we have shown experimentally that 
fore and aft marks do not decrease resistance to. height break. 


Other devices may be used for guarding against false. fusion, 
: but time does not permit their full consideration. 


. Other factors in reticle desi 


It wild be posefhls to ota of a number éf factors in 
reticle design other than those. enumerated. Particularly in the case 
of: illuminated reticles (i.e.,-reticles in which the lines are brizhter 
than the background), .it would be important to consider the prcblem of 
optimum reticle illumination. These and many other questions make the 
. topic of reticle design an important practical problem for both the in- 


” strument maker and the psychologist. 
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5. DESIGN AND TESTS OF RIFLE SIGHTS 
fie PROBLEMS IN THE DESIGN OF RIFLE SIGHTS 
Digest of discussion by Comdr. Dyke: 
I. Form of rifle sights | 


The form of sights for small arms has changed very little through 
the centuries. Two forms are most common for front sights: “.. 
A rear sight is usually one of the following forms: [fY¥ (j fin 
Various combinations of these forms have been used. The basic question 
is: Does the problem of the form of rifle sights warrant further 
investigation? 


II. Position of front-and rear sights 


The position of the sights varies with the instrument. «a greater 
distance between sights gives greater accuracy of alignment of the two 
sights. However, since the eye has to focus on two sights and the 
target, there is an advantage in having the rear sight in a forward 
position to give greater separation between the eye and the rear sight. 
Quantitative data are needed to determine the optimum position for 
front and rear sights. 


III. Placement of sights in relation to target 


The standard doctrine for sighting states that the sights should 
be aligned tangent to the target. Some expert marksmen aim at the 
center of the target. Data are needed to determine the best method 
for lining the sights on the target. 


‘ 


B. COMMENTS ON TECHNICAL REQUIREMENTS FOR RIFLE SIGHTS 
IN ARMY ORDNANCE 


Digest of discussion by Mr. Darr: 


The general problem in the use of rifles in the .rmy is one 
of snap shooting rather than long-range or deliberate shootins. For 
the latter it has been found that a 25X sniper's telescope mounted 
securely on. the rifle is desirable. allowance for deflection and range 
can be incorporated in the telescope by the use of a moving reticle. 
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| 12.5 MILS 


—_— 13° 
Se ee 
10 MILS — 1 lO MILS 


FIGURE 3. Drawing shows positions of fiducial marks in left iield (with fore and aft 
marks seen as at 24 power). Right field appears as a reverted image of left field. 
The fore and aft lines are inclined 15° toward the horizontal axis and intersect on 
the vertical center line at a point 1.00" atove center line of reticle. All mil 
measures are in terms of true field. RESTRICTED 


The fore and aft marks are offset 25 UOE from the central measuring mark. Fore marks 
appear in the upper field, and aft marks, in the lower field. 
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Figure 2. Precision as a function of differences fn target-to- 
reference setting distance (height adjustment error) in 
the two visual fields. Measurements are given in mils of 
visual angle. 
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Discussion: 

General discussion of problems in the design and tests of rifle 
sights followed the final presentation by Dr. Warden. (See Confidential 
Supplement. ) 


Lt. Col. Noble asked if reflex sights can be used with rifles. 
Mr. Darr explained that several such devices employing sky, battery, or 
radium illumination, and one interference type, are now under considera- 
tion. 


% Major Roberts suggested that basic data are needed on the 
question of whether a man should use one or both eyes in shooting a 
gun. Dr. Burger thought that men with dominant right eyes seem to be 
able to use both eyes effectively. Those with dominant left eyes tend 
to close the left eye when sighting with the right eye. 


Capt. Sparks sugzested;that data on this problem would have 
"© to be obtained using. untrained observers to avoid habitual ‘techniques 
‘e of experienced marksmen .. 


we Comir. Dyke. proposed ‘that tests be made of: a rifle: having both 
a ene sight. and, notched sights for waa cit ir yssticaae st 
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6. REPORT OF THE SUBCOMMITTEE ON PROCEDURES aND 
STANDARDS FOR VISUAL EXAMINATIONS 


The following report was presented by Dr. Saceeital acting for Dre Vail, 
Chairman of the subcommittee. 


The third meeting of the Subcommittee was held on 24 July 1945 
at the National Academy of Sciences,. eacetanaty steed De Ce The following 
were present: poe eee 


Members of the Subcommittee: 
Col. Derrick T. Vail, Chairman 
Dr. Walter R. Miles 
Lt. Col. P. Re McDonald 
Lt. Comdr. R. H. -Peckham 2). ee 
Capte Re. Ge Scobee tei ail 
Dr. Donald G. Marquis, Secretary = — 


Guests? Tg we 
Capt. C. We Shilling “aot ea =” 
Lt. Comdr. Be J» Wolpaw sie atl: Lal 
Ite Jo He Sulzman ee ee ee ‘s 
Lt. Earl Green wa: 


Manual ~ Testing Visual acuity. «Copies of the revised manual 
were distributed to the Subcommittee members, and it-was agreed that it 
should be presented to the Surgeon General; U.S. Army, the Air Surgeon, 
AAF, and the Chief, Bureau of Medicine and Surgery,-for distribution to 
field installations for trial and comment. It was further agreed that 
after comments had been received, the Subcommittee should meet to con- 
sider revisions and attempt to secure agreement among the Services. 


Acuity test chartse The present stage of development of new 
test charts was outlined and discussed. The new‘Bausch and Lomb il- 
luminated testing cabinet was displayed and examinede In view of the 
desirability of reducing extreme contrasts in the field of view of the 
examinee, the Subcommittee voted to recommend that the cabinet be 
painted white (crinkle or matte-finish). . 

Phoriae Reports of saliguaiat and. current research 
on the Pe Ae phoria were presented by Capt.’ Scobee, Lt. 
Sulzman and Comdr. Wolpawe Their papers are appended to this report. 
After discussion it was agreed that a manual for the testing of phoria 
could be prepared on the basis of present knowledge, and the Subcommittee 
voted to ask Capt. Scobee to prepare such a manual which would be cir— 


culated to the members for comment, and revised at the next Subcommittee © 


meeting. 
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Committee status. After discussion of the multiplicity of 
problems in the field of vision testing and the long-range nature of 
the work, it was agreed to recommend that a Subcommittee on Procedures 
and. Standards for the Visual Examination be continued beyond the present 
war emergency, and that this Subcommittee be requested to formulate 
and supervise the conduct of research in the general field of vistial 
examination. 

It was agreed to sccaieesit the scciieainien to. Che: la aetpapectniciia 
of Dr. Conrad Berens and It. Henry Imus, USNR. 


The fourth meeting of the Subcomnittes was held in the morning 
and evening of 11. September 1945, at the U-S- Submarine Base, New London, 
Conn. The following were present: '. 


Members of the Smee Hee - + 
Dr. Walter Miles oak: ee ee ee 
Dr. Conrad Berens ed: pe oy Gaeta 
Ite Cole P. R. McDonald SE ee, ie es Dee 
Comdr. Re. He Peckham ; he oy * 
Major Trygue Gundersen 
Capte R- G. Scobee, 

Ite Dean Farnsworth 


_. Lt. Henry Ims: 
... Dre Donald G.. Marquis ’ Acting Chairman and Secretary 


Guests: . 
Capt. Ce We Shilling 
, Dr. Franklyn <a al 


Dr. Be Oc Hulburt . ‘ eee. pa 
Dr. Co. We Bray 
Dr. R. Tousey | 
Col. Merrill, J. Reeh 
Lt. Col. Je Le Matthews 
Lt. Comdre Je He Sulzgman 
Capt. Henry Pfingst 
Capt. Ce Pe Sparks. 
It. E. L, Green 


In the absence of ir. . Vail, the Secretary, Disale Marquis, 
was asked to act as Chairman and to prepare the erent to the Vision 
Committee. 


Manual ~— Testing Visual Acui ye hiasanbe on the manual from 


Army and Navy installations which had examined and tried it during the 
past month were read to the Subcommittee. Discussion led to agreement 
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on three minor revisions, and Lt. Farnsworth and Lte Imus were asked to 
formulate them for inclusion in the Manual. It was agreed that the 
Manual should now be turned over to the Services for their use. (Copies 
of this final revision may be obtained by request to the Executive 
Secretary. ) | 


Acuity test charts. Four new acuity test charts have deen 
developed by Comdr. Peckham, Lt. Farnsworth and Capte Scobee, and pre- 
liminary determinations of standardization and reliability have been 
carried out. The Subcommittee recommends that these charts next be 
standardized and compared with present acuity tests in a large scale 
field researche Ite Col. McDonald has consented’to initiate a request 
through channels for such a project to be carried out by the Personnel 
Research Section, Adjutant General's Department. If such a project is 
authorized, the Chairman was instructed to designate a small working 
group to advise with AGD in planning the research and analysing the data. 


Manual ~ Testing Phoria. “The draft of the manual prepared 
by Capt. Scobee had been circulated to the Subcommittee prior to the 
meeting. It was agreed that the manual should be forwarded.to.the Army 
and Navy for distribution'to field stations for trial and comment. 
(Copies may be obtained by request to the Executive i kabiconns ) 


Ae TESTING VERGENCE AND PHORIA |. 
Capt. R. G. Scobee 


: 


The eyes are universally admitted to be the most important of 
the organs involved in flying. It follows that. the aviation sections 
of the armed forces should be concerned with the battery. of tests of 
the eyes used in the selection of flying personnele Because relatively 
few of the examiners have any ophthalmologic background, it seems essen— 
tial to select the simplest tests which will still be accurate. Sim- 
plicity of testing techniques make for easier, more efficient teaching 
and, what is more important , for wider standardization of the tests in 
- question. : te 
~ ace... Le POWER OF CONVERGENCE. At present, a determination of 
the convergence near point is required. In AAF School of Aviation Medi- 
cine Project 139, Report 1 (2 November 1944), it was pointed out that 
this determination is loaded with inaccuracies. It is a measurement 
which can be quickly and markedly improved with practice, in most cases. 
Since convergence is controlled by two cortical centers, one frontal 
and the other occipital, the vast majority of examinees can be taught 
to utilize their frontal (voluntary) center for convergence in a very 
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short period of times A man can quickly. learn the 'trick' of volun- 
tary convergence but this in no- way signifies that his ability to per- 
. form sustained close work has been enhanced. Determination of the 
convergence near point should be eliminated entirely from the examina- 
tion. This means that, with,the exception of. a few-cases (see section 
2), determinations of the chs dnsai: distance could also, be 
eliminated. - . S Cheer gm ot, 

2- POWER OF CONVERGENCE, EMPLOYING THE 1 ROTAL RY PRIS. - A test 
of prism divergence is used at a testing distance df 20 fect. - AaF 
School of Aviation Medicine Project-:139, Réport 1 (2 November 1944) 
points out the reasons for testing prism diverzence at 13 inches, sug- 
gesting a minimum ‘requirement .of. 15. ‘prism’ diopters at. this distance. 
In. doubtful cases, when the actual. prism divergence is smaller than 
the theoretical prism divergence (calculated on the basis of inter- 
pupillary distance) the differenge| between.the two- should not... exceed 
6 — Sophers.: aA table of eubgniayions's was given. . 


. .:.)There is a réquirament that: ‘aiveisenns mist. equal ¢ or: Seaieod 
any. ukehdina esophoria." The source of this particular idea has been 
sought -in' vain in ophthalmic literature. It implies that any hetero- 
phoria should be matched by an equal or greater amount of vergence in 
an opposite direction. At a testing distance of 20 feet, this require- 
ment has no apparent logical basis. 


Perhaps the idea of "balance" in the term "muscle balance" 
may have been the ‘source of this requirement. Consideration will re- 
veal that any test cf heterophoria depends for its integrity upon the 
disruption of fusion. On the other hand, any test of vergence is a 
test of fusion and of nothing else. This requirement implies that a 
- balance should exist between two tests whose basic principles are 
diametrically opposed. ; 


When using binocular single vision at infinity (20 feet or 
farther) the eyes never diverge but always convergee Even when looking 
at a distant star, a minimum amount of convergence is present. Never 
in the course of human existence is there any call for the visual .axes 
of the two eyes actually to become divergent in relation to each other. 
In shifting the eyes from the reading distance to infinity, the degree 
of convergence decreases (negative convergence) and this might be con— 
sidered divergence and will be mentioned later. aA test of prism diver- 
gence at 20 feet calls for divergence that is never exercised. In 

» short, apeouid pyran testing at 20 feet is a test of a function that 


is never used 


At a testing distance of 20 feet, there are allowed 10 prism 
‘diopters of esophoria, 5 prism diopters of exophoria, and 1 prism 
diopter of hyperphoria. The work of numerous investigators is in 
agreement in revealing that the normal examinee has an average ‘prism 
divergence of 6 diopters at 20 feet. What point is there in "allowing" 


* 
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10 prism diopters of poarcae Fe i no normal sinthendiea’ has, on the 
average, more than 6 prism diopters of divergence "to match it?" 

Why not make the limit 6 prism diopters of esophoria? -The answer 

is that, if divergence is left out of consideration, individuals with 
no more than 10 prism diopters of esophoria make perfectly: satis— 
factory pilots, all other things being equal; this is based on an. 
analysis of 200 cases (all flying personnel) studied at the sAF School 
of Aviation Medicinee The Air Service Medical Nate Pe 283) is in 
serene. , , , . wd. 


There are some who might defend the ‘vequirenet, of prism 
divergence equal to or greater than any esophoria with the concept 
that for the comfortable performance of a physiologic function, at 
least 50% of the motive power producing that function be kept in re- 
serve. The very fact’ that. an individual with 10 prism diopters of 
esophoria at 20 feet can attain binocular single vision at all indi- 
cates that he is exerting 10 prism diopters of divergence (negative 
convergence) to do soe To require an additional 10 prism diopters of 
divergence, or 20 prism diopters in all, might be thought to be an 
application | of the- "50% in reserve" concept. That. this is not the case 
is revealed when one remembers that the phrase "50% in reserve" implies 
that, if necessary, the whole "100%" could be called into play for a 
short time. In present prism divergence requirements, however, if the 
examinee in question has 10 prism diopters of esophoria and constantly 
utilizes 10 prism diopters of divergence (negative convergence) to 
attain binocular single vision, an additional 10 prism diopters of 
divergence cannot be considered as the "50% in reserve" BECAUSE IT CAN 

NEVER BE CALLED INTO USE. This statement is made on the basis of evi- 
' dence for a convergence center contained in AAF School of Aviation 
Medicine Project 375, Report 4 (20 July 1945). Never in his entire 
life does an individual actually use true divergence when fixating 
distant objects. It is therefore illogical either to attempt .to test 
a: | function which is never used or to draw conclusions from tests of. 
that same function. 


: “On the other hand, AsF School of Aviation Medicine ‘Project 

139; Repoee: 1 (2 November 1944) points out the extremely great value 
of prism fiverfence determinations made at the 13 inch distance. It 
is recommended that a minimun prism diverzence (really negative con— 
vergence) of 15 diopters be required at this distance since this is the 
distance at which divergence is actually used and used often. It seems 
far more logical, apart from the wealth of factual evidence available 
to substantiate it, to test prism divergence at the distance where it 
ie frequently called for, i.e., 13 renee instead. of at a distance of 
20 feet or it is never used. fae 

'° Prism divergence senting i at’ 20 feet should be abandoned, while 
prism! svaigdlne testing at 13 inches should be required. 


peStREere: | 


3- RED LENS TEST. <aAasF School of aviation Medicine Project 
322, Report 1 (21-December 1944) specifies a satisfactory shade of red 
for the.teste Also brought out is the fact that the object of the’ 
red lens test is not to disrupt fusion at all but simply to aid a sub- 
ject with diplopi@ to identify true and false images.’ The red lens 
specified in the report mentioned is at present in production by the 
Surgeon General for distribution to the army Service Forcés.and Army 
Air Forces. . 


4.e HETEROPHORLA AT 13 INCHES. There are at present no 
requirements for. heterophoria determinations at any but the 20 foot 
testing distance. AF School of Aviation Medicine Project 139, Report 
1 (2 November 1944) points out that almost no competent ophthal~ — 
mologist would attempt. an analysis of any case without heterophoria 
determinations made at the reading distance. Such determinations are 
universally made in clinical practice. It is recommended that: hetero- 
phoria testing at the 13 inch distance be incorporated in the Noy" 

4 comm nmtchen and the following limits are suggested: | 


"She: ‘Gita. if} Sheet: ’ “not more, than 15. prism siieee.” 4 
is Bax. esophoria, if. present,. not. more than 10 prism diopters. 
ie. 2  hyperphoria s. if: present, not more. than 15 —- ‘diopters. 


. These recommended, Limits have ‘been selected’ on the basis of 
an acimlorats of 250. cases. None of the. cases who were comfortable in 
using their eyes and could, in addition, . pass the rest of the visual 
es) pega: of the. ava examination TEE: ‘these limits. | 


5. - SELECTION ‘OF ve HETEROPHORIA TEST. ‘The test for hetero- 
cael: ‘goed in the Army: -Air Forees was apparently selected on the basis 
of studies made by Dolman (1920), It is a Maddox rod test with the 
-,addition of intermittent occlusion (sereening) and is known as. the 

screensMaddox rod test... Since this test had been in use for 25 years, 
it was decided that it might be of value to determine its correlation 
with the heterophoria test universally regarded ds being the most accu- 
rate, iee., the screen,and parallax test. This was done (.iAF School 

of Aviation Medicine Project 375, Report 1, 13 April 1945), and the 
-correlation | coefficient of the two tests was found to be’ 0.81. ‘It was 
concluded that, from the ‘standpoint of corrélation with the screen and 
‘parallax test, the screen—Maddox rod test was satisfactorye In this 
same report, correlation coefficients among other tests of oo 
both at 20 feet and 13 inches, were determined. 


os, The next problem that arose was that of the reliability of 
the screen—Maddox rod test -(AAF School of Aviation Medicine Project 375, 
Report 2, 20 July 1945)? This was found to be 0.95. In this phase of 
-the study, two separate examiners tested each subject on each of two 
separate days. The techniques of. the two examiners were as nearly 
identical as was possible. All subjects were aviation cadets who, 
theoretically, had a visual acuity of at least 20/20 in each eye, a 
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normal. amount of accommodation and convergence and heterophoria. of not 

more than 1 prism diopter of hyperphoria, 10 prism diopters of eso- 

phoria, or 5 prism diopters of exophoriae The population. available 

for study therefore represents a special selection from. the general 

_ population. with, the. consequence that the phoria peettnnn. extend over 
a limited portion of the entire range. 


--Another limitation arises from the frequency distribution of 
heterophoria which was not normal in form. A distribution for 131 sub- 
Jects, tails out to the right (the statistic of skewness, 8 = 4037, 
is 6,5 times its own standard error; the statistic of kurtosis, 

22 = 4e37, is 10.4 times its own standard error)» To test the nor- 
mality of distributions still further, data were borrowed from Cridland 
(1941) for the purpose. In one of these (a Red-Green test) there is 
significant skewness to the right and in the other (a Maddox Rod test) 
there is significant skewness to the left, In all three distributions, 
there is significant leptokurtosis. The inconsistency of these find— 
ings suggests no general way of transforming the heterophoria scale to 
normality at this timee It may well be that in heterophoria, as in 

_ other biologic functions, there is no normal distribution in the sense 
of a smooth, bell-shaped curves Gee oe 


Since the screen-Maddox rod test was found to be satisfac- 
torily accurate (valid) and since it was found to be reproducible, the 
question of the effect of several possible variations in testing tech- 
niques arose. In AAF School of Aviation Medicine Project 375, Report 
3 (20 July 1945), it was shown that there is no significant difference 
in heterophoria measurements when made with the screeneMaddox rod test 
in a lighted room or in a darkened onee Cridland (1941) was able to 
show the same thing for the Maddox rod alone, ieee, no difference be- 
tween testing in light and dark. 


‘Three other possible variations in technique were then | 
studied. These were (a) screening vse non-screening, (b). dominant vs. 
non—dominant eye, and (c) red vs. white Maddox rod. ‘hen intermittent 
occlusion (screening). is added to the Maddox rod test, there is a 
significant difference in the measurements. When testing at 20 feet, 
screening gives 0.3 to 0-4 diopters more -ésophoria than when screening 
is omitted. Then testing at 13. inches, screening gives about 0.4 diop- 
ters. less exophoria than when screening is omittede The findings are 
comparable at both distances since.a shift toward less exophoria is in 
the . same direction as one toward. more esophoria. The difference made 
by screening at both testing distances is consistent regardless of 
whether the Maddox rod is. placed before the dominant or the nam enna 


es ee (RISE ae | ; 
es es ee testing heterophoria with the Maddox rod “ distances of 
both 20 feét and 13 inches, there is no simmificant difference in the 


measurements when the rod is placed before the dominant eye &nd when 
it is placed before the non-dominant eye, 


se 


’ either eye fixing. 
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In the present army air Forces ehysical Examination for 
Flying it is directed that the Maddox rod will be placed before the 
non—dominant eye in heterophoria measurements. The basis for the: 
requirement is a paper by Captain Pere Dolman (jir Service Informa- 
tion: Circular, 1:84, 15 August 1920). «an analysis of Dolman's own 
data reveals that he too had found no significant difference with re— 
gard to ocular dominance but had simply misinterpreted his data. 


‘When testing heterophoria at 20 feet, changing from a red 


‘%o'a white Maddox rod is equivalent to subtracting 0.25 diogters of 


esophoria from the measurement. This change is consistent regardless 
of whether screening is used or not and regardless of whether the:rod 


is placed before the dominant or the non—dominant sis 


Determination of the dominant eye should be pooner entirely 
+ rai the present physical examination for flying since there is no 
‘simnificant difference ta abate checus ah: of mereeenarns made with 


The seutini tabi ‘rod bast could be abandoribd in favor of 
the Maddox rod alone without sacrificing any ‘accuracy aor the . ‘follow- 
ing reasons; : 

‘.-(1) The screen-Maddox rod test.has a reliability oceffietent 
2 Toe of 0.95 and that of the Maddox ‘rod | alone is’ head Oe 
(Cridland).. nate 


. (2) The.correlation of the. itéadox fod test: with the sereen: 7 
‘ and parallax test is as high 4s ‘the correlationofithe! £ 
screen—Maddox pod test with, phe’ screen and Parte east. 


(3) It was Samiebkeil in orld War 7 that exnphowtx re flying 
personnel is more productive of trouble than is esophoria. 
The omission of screening in the Maddox rod test tends to 
reveal more exophoria and less ‘esophoria. This is de- 
sirable if, as has been stated, exophoria is more: “‘objec~- 
Uma than esophoria ‘in ‘flying Pere. a ate 
th) The testing technique, of. the’ Maddox’ rod alone is more - 
‘ easily made consistent. among Aatge groups‘ of ‘Plight Sur- 
.* geons,than is that of the scree Mad 
a standardization | of. technique, would g0°a& “long way: ‘toward 
attaining Spnaetent: sheterophoria measurement 5- 


There is: great Likelihood of optical: variation: from one fed 


” aleccie rod to another because of difficulties inherent in'the production 


method utilized. This is not true of the white Maddox tod and: hence 
‘the’ white rod: is recommended for standard use. 


# 
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6. EVIDENCE FOR A CONVERGENCE CENTER. If esophoria and 
exophoria are separate entities, the independent existence of each is 
an argument for the existence of separate centers for convergence and 
divergence respectively. If, on the other hand, they are interde— 
pendent. and have no separate existence, ise., esophoria being the re- 
sult. of an increased convergence innervation and exophoria of a de- 
creased amount of this same convergence innervation, then the evidence 
for a convergence center only is considerably strengthened while that 
tor a divergence center is further weakened. 


Adler (1945) has concisely expressed the results of two 
types of heterophoria tests .... "...various methods used to dissoci- 
ate:'the two eyes will give different measurements, the amounts depend-— 
ing onthe extent to which they eliminate the visual fusional stimli. 
Heterophoria determined with the Maddox rod tells the effectiveness of 
dissimilar retinal images in holding the eyes straight as compared 
with the effectiveness of similar images. Heterophoria determined with 
the cover test tells how effective monocular retinal stimulation is as 
compared with stimulation of the two retinas simltaneously....." 


The addition of screening to the Maddox rod to make the 
screen—Maddox rod test. (Maddox, 1920; Dolman, 1920) results in a 
fairly effective combination of the factors quoted from adler in the 
foregoing paragraphe With the screen-Maddox test, if esophoria and 
exophoria are separate entities, the added dissociation produced be- 
tween the two eyes by screening should uncover more esophoria and 
more exophoria than when screening is not Lanai Witla 4s not what 
happens, however. Instead, screening uncovers more esophoria but less 


exophoria. 


An inspection of thé distribution of the 100 cases studied 
when the Maddox rod is used alone, if compared with the distribution 
of the same 100 cases when the screen-Maddox test is used reveals a 
striking fact. There has been no change in the shape of the distribu- 
tion curve whatever, but simply A SHIFT TOWARD ESOPHORIA. This is 
factual eviderice that exophoria and esophoria are not separate entities 
but merely varying degrees of the same entity. 


With this concept in mind, the effect of the addition of 
screening now becomes understandable in the light of other known facts. 
The most important source of reflex activity in man comes from the visual . 
impulses: themselves (Adler, 1945). Because of the superior sensitivity 
of the fovea and its surrounding macula to the rest of the retina; the 
resultant fusion reflex (binocular) or fixation (monocular) occurs. 


Considering anatomical factors alone, the two eyes should be 
divergent but in the absence of pathology, except in deep sleep or 
narcosis, the eyes never diverge but always converge in varying degrees. 
This convergence is a result of a constant. corivergence innervation 
arising from.the convergence center (nucleus of Perlia). The presen- 
tation of dissimilar images of the same object to the two eyes by using 
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a Maddox rod over one eye dissociates the eyes only partially and the 
convergence center is thrown out of balance by a comparable amount. 
The addition of screening to the Maddox rod produces further and 
greater dissociatign between the two eyes which in turn results in 
further and greater upset of the convergence innervation arising from 
the convergence centere The monocular fixation reflex is still acting 
powerfully since only one eye is being screened and the convergence 
center, in an attempt to correct for this added imbalance, responds 
with even more convergence innervation. The result should be — and 
is — increased esophoria or decreased exophoria depending wpe which 
of the’ ‘two was present from the ‘beginning. 


Atleast “Thus the effect of the | addition of screening to the Maddox 

~ rod sini: ‘ts explainable. More important , Yather conclusive eviderice 
__ , ,is-ndw ‘available for the existence of a convergence center ‘elorie’ ‘in- 
stead’ ‘Of bir aalaedaastg | for palvag dene and divergence. ead 
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hs eS couPaR SOW oF Mia SURES oF LATERAL PHORIA) 3s i 
ee: es Conde. J. He Su zman 


ogee Ut the MéaiesE Research denials of the U.S. Submarine. Base, 
New London, Connecticut, four measures of lateral heterophoria are ‘now 
wer ctguaaees 


: - The following ethods ° ‘are eins applied to 100 ep scmke: each 
tiated: tinkee for: Laberal: imapele- comsrensentn at distances of 20 feet and 
‘3 inches: . og | ae 
oe Gee ice a ih ~ Maddox rod in 

» Haddox—screen 
Z perees and parallax 


an’ adaivions éack ‘subjéet was measured once on tie Ortho-Ratery 


ween “Since ‘the: stiidy 3 is still ‘in progress, a full reper’ ‘eannict be 

rind’ nt’ bi thie wliend? Preliminary analysis indicates that frdm’'a stand- 
point of testuretest: reliability at 20 foot distance, the three tésts 
rank in the following order: 


‘le Maddox-screen ee leah 
A, casera at Maddox rod : Re eR AS oi 
ee ac oe Screen and parallax, | Nel ati Mae 
oS . - Por ‘ine , 20 foot distance, the coefficierits or idetretect 
correlation for the Maddox-screen and Maddox rod methods indicate almost 
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equal test-retest reliability and the correlation between them is 
higher than the reliability coefficient for either one alone. 


At the 20 foot distance, the liaddox rod test correlates 
with the other tests, in terms of Pearson coefficients of correlation, 
in the following order: 


1. Maddox-screen 

2e Screen and parallax 

3 . Ortho-—Rat er 
: _ The results outlined above are in general scioleind with 
those reported by Capt. Scobee. 


C. . PHORIA TESTING aT PENSACOLA 
Comdr. B. J. Wolpaw 


The Department of Ophthalmology at the School of Aviation 
Medicine, Pensacola, Florida, is conducting a study in an attempt to 
determine the visual requirements necessary for military aviators. . 
The subjects examined are all pilots who have returned from combat 
duty or have been pilcts on transport planes flying outside the conti- 
nental limits of the United States. The study embraces a great many 
examinations such as visual acuity, muscle balance for near and far, 
depth perception measured on the Howard-Dolman, Verhoeff Stereopter 
and Space Eikonometer. The subjects are also examined on the Bausch & 
Lomb Ortho-Rater, interpupillary distances measured on the NDRC Inter— 
pupillometer and retinal size differences are measured on the Vectograph 
Eikonometer. 
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7. VISIBILITY THEATER 
Capt. C. WW. Shilling 


ae The c canout awe theater which was demonstrated to this -¢roup 

this morning was originally conceived by the Bureau of Ships asia © 
device for the study of camouflage in its various aspects. They had 
in mina the study of the silhouette of ships, the study of contained 
shadows, the study of deception by the building of confusing super- 
structure. As an example of how-it could effectively be used, this 
activity was recently engaged in the study of the very secret "X" 
paint. being used in the problem of recognition between submarines and 
aircraft. In that particular project we used twce submarines, a blimp, 
two airplanes, a surface ship to act as tender, and a number of per— 
sonnel. In addition, we waited for the weather on a good many occa- 
sions. It is our firm conviction that this study could have been 
conducted in its preliminary stages at least, in a theater such as the 
model you have just seen. In the end, the cost of this project was 
almost sufficient, if one considers the salaries of the various people 
involved, to build a theater of this kind. 


Visual problems in general could be handled in such a de- 
vice as this. Perhaps some of you are not aware that a submarine 
operational research group worked in the night lookout training stage 
for many months studying the problem of the proper rate of scanning as 
related to the generai problem of the lookout. This sort of activity 
could very easily be done in this theater where a great deal more 
realism would be possible and where the answers obtained would be much 
mone. seggnemed from the standpoint of service validation. 


It is conceivable that this theater could be used:for: ang 

ing Some of the problems of air-sea rescue. I,see no reason why the 

_ sproblem of the proper placement and'selection:of dye marking and signals 
could not be very effectively studied in the theater. Other problems 

of similar nature certainly could be solved here. . 


There are those who feel that optical equipment could, at 
least to a limited extent, be studied in this camouflage theater. This: 
remains to be worked out by those people who are interested in, and who 
understand, this particular problem. 


We visualize this camouflage @heater to be a center of visual 
research having associated with it tunnels for the testing of optical 
equipment, dark rooms, oratories, and all the facilities for handling 
visual problems, many of which have not, been settled during the present 
war. 


The personnel for this project should very definitely be 
widely diversified. ‘le should have associated together the psycho-— 
physicist, the pure physicist, the physiologist, the psychologist, and, . 
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in brief, someone representing every phase of visual and optical study. 
Thus we could develop a center for such work which would be recognized 
throushcut the country as the one place where answers to the problems 
of vision could be obtained. 


It must be clearly understood that no one associated with 
this theater looks upon it as any substitute for field testing. ‘le 
look at it simply as a step between pure theory and laboratory experi- 
mental work, and actual field testing. Certainly there is.a place for 
such an in-between step, for in this war the cost of many field experi- 
ments, which turned out to be either worthless or impossible of . 
achievement. because of inadequate tests and trials previous to the 
field experiment, has been such as to pay for this type of. theater 
many times over. There must be some place to try out ideas other than 
in the fleet where the movement of ships becomes so very costly and 
complicated. 


Discussion: 

Lt. Comdr. Leavitt proposed a motion for discussion designed 
to convey Vision Committee approval of the development of the Visibility 
Theater project by the Navy Department. 


.in considering the motion several members pointed out diffi- 
gultdes involved in the development and use of such a theater for testing 
work, but all emphasized that the model and proposed uses of the theater 
warrant full support for the continuation of the project. Some of the 
problems mentioned were: validating the spectrographic distribution of 
light in the theater as compared with the actual field; simulating water 
surfage conditions; preserving great flexibility in the design to enable 
adequate study of a wide variety of problems under all conditions. 


The question of the specificity of the Vision Committee 
recommendation was discussede Several members advocated a detailed 
outline of goals and. proposed organization to be prepared by a--subcom 
mittee. Others felt that a strong resolution in favor of the Visibility 
Theater development by the Vision Committee would be more Hesirable. 
Zoncern was expressed regarding the need for the early selection of a 
‘highly—trained, experienced director of the project. Several members 
emphasized that the Visibility Theater should be a tool for a research 
center and that the. director should be a Ghpookon, of a research pengepe 
rather than of a ee. a 


As a voll of the discussion, the, following motion was 
unanimously adopted: 
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sale: 


"The Army-Navy-OSRD Vision Committee believes 
it to be valuable and desirable for the Navy 
Department to provide facilities for visual 
research including building and operating a 
large-scale permanent visibility theater as a 
means of continuing active study of visual 
problems." 


44 Subcommittee on the Visibility Theater was appointed to.- 
formulate a statement embodying the discussion. Members are:~ Comdr. 
Charles Bittinger, Lt. Comdr. David Leavitt, Dr. H. Ke Hartline, Dr. ~ 
Loyd Jones, Dr. E. O. Hulburt, Dr. Ss Q: ‘Duntley, and: i? Dean = eee atid 
Farnsworth ° 


REPORT OF THE SUBCOMMITTEE ON THE VISIBILITY THEaTER  , 
I 


Although visibility research has always been primarily a part 
of military activity, it has never been an adequate part of the military 
organization in peacetime. «as a result, the two ‘orld liars have found 
the armed services impoverished as to scientific anstiers to the many 
visual problems that present themselves. It is the hope of the Vision 
Committee in recommending’ this theater that a nucleus of laboratory 
workers will be formed to carry on actively the work which was incom 
plete at the end of the war. The Naval Research Laboratory, which was 
a connecting link in vision research between ‘orld ‘jars I and II, once 
stated in a report that the quantitative analysis of visibility data 
was in the field of the inexact and ambiguous sciences. However, in the 
many thousand variables which have been examined’ by a great many com 
petent people in the present war, certain underlying consistencies have 
been observed, but a statistical reduction of data at the close of the 
war has not been accomplished. ‘ith the aid of the proposed visibility 
theater and its staff, not only will the vast amount of data and litera- 
ture which has accumulated be utilized, but also the investigation of 
certain: underlying factors and their application to military science can 
be carried on rather than abandoned at this time. 


“It was'a whole year after the declaration of ‘Jorld War t be- | 
fore any camouflage was applicd to our fighting ships. <ilthough this | 
time was slightly reduced in World War IT, a Slearcout | camouflage’ policy 
was not determined before war was declared. ‘We were equally ‘unprepared 
so far as other visibility problems are concerned. In order that these 
conditions shall not prevail in the event of another war, it is  con- 
sidered highly advisable that all methods of visual defense be studied 
during the peace interime 7 , 


The Visibility Theater was originally conceived by the Bureau 
of Ships as a device for the study of camouflage in its various aspects. 
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The model of this theater, which the committee has inspected and is 
reporting upon, was constructed by the Medical Research Department, 
U.S. Submarine Base, New London, Connecticut, and was financed by the 
Bureau of Ships. 


II 


1. The committee believes that the theater can be used in the 
following studies as a device for the investigation of: | 


Ship camouflage by application of.-paint: - Low visibility, 
course deception, range deception, silhouette. — 3 


Ship camouflage by structural modification: . Contained 
shadows, class identification, apparent course, silhouette, 
modifications to reduce the radar echoe 


Changes in naval architecture with reference to radar- 
controlled and homing missiles. 


Recognition devices. 


2- This theater has the following uses as a device for the study 
of aircraft problems: 


Concealment of parked planes, runways, and hangars. 


Cockpit illumination, problems involving night rendezvous, 
and identification. ; 


Visible light analogues of techniques involving other 
frequencies of radiant energies. ; 


Study of counter action against guided missiles. 


3. Preliminary stages of research in air-sea rescuc, including 
visibility of signals, dyes, pyrotechnics, lights, fluorescent and 
phosphorescent materials, retro—reflectors. 


4. The Visibility Theater will also be useful for the study of 
general visual problems, such as stanning procedures, lookout organiza- 
tion, design and uses of binoculars, goggles, and other optical equipment. 


5« The theater can also be used for certain studies in aerology, 
such as the methods of expressing visibility factors and the design of 
transmissivity meters and methods. 


6. Finally, this theater could be used for motion pictures and 
stilis for demonstration and training, of both day and night effects, 
and for demonstration to interested officers to enact operational prob- 
lems under various visual conditions. 
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The proposed establishment of a visibility research program 
in connection with a center incorporating the visibility theater raises 
questions of personnele The staff of the proposed visibility project 
should be composed of representatives from all of the related’ visual 
sciences, that is, physicists, physiologists, psychologists, ophthal~ 
mologists, and statisticians. in organization composed of such members 
would be able to give proper direction to research and authoritative 
answers to all problems relating to vision and its application to war- 
fare. The director should be a man of highest caliber and of the : 
broadest experience in these related fields, and he should be a cirector 
of. the research program and not of the facility alone. It is envisioned 
that the theater will be the céntral laboratory instrument, of a long~ 
range, — visual ‘programe... .. 
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9. SYMPOSIUM ON GERMAN DEVELOPMENTS IN 
VISION AND OPTICaL DEVICES 


Ae GERMAN VISUAL DEVICES 


Comdr. a- J. Vorwald 


Before telling you of my observations in Germany relative to 
VISION and optical devices, permit me to digress a bit. I am pleased 
to be with you today if for no other reason than to compliment the 
Vision Committee for its enviabie accomplishments and in addition to 
transmit an appreciation from the British Vision Committee. During ny 
tour of duty in London as the Navy Medical Representative, I enjoyed 
repeated contact with that Committee and learned of their high regard 
for your work. 


. In addition to the primary mission of effecting medical 
liaison in England, my duties involved the investigation of German 
submariné and aviation medical targets as they became available for | 
examination. .These targets were scattered throughout Germany and in 
liberated countriese Many of the targets proved cxtremely valuablc. 
Not only did we, acquire instruments, records and documents relative to 
vision, but in many instances we were able to interrogate a number of 

vision. eerie captured with the target.” 


It is iiecnataia to present a critical analysis of all our 
findings at this time. Many of them are still being studicd and col- 
lated. Nevertheless, a few remarks are babieniae x tact 


; Adaptometer after Engelkin g-Hart ung. This captured German: 
instrument was credited to Ingelking and Brifekner by Comberg ‘in the 
Kurzes Handbuch fir Ophthalmologie published in 1932. 


The test subjcct viewed from 2 distance of 50 centimeters the 
circular ground glass plate transilluminated by white light of variable 
intensity. The curve of dark adaptation obtained by the instrument was 
then plotted logarithmically according to the method of Engelking 
(Klinische Monatsbl4tter fiir A dugenhei kun de, 1933). 


Two integrating spheres were evidently with this adaptometer. 
They were employed to produce a standerd degree of light adaptation at 
the beginning of night vision examination. 


Adaptometer after Comberg. apparently this adaptometer was 
used to measure visual acui acuity in dim light immediately after full light 
adaptation. a distracting light source of the same brightness as the 
test field, or eight to sixty-four times that brightness, could be in- 
troduced to complicate the task for’ the subject being measured. The 
instrument is described also in the Kurzes Handbuch ftir 0 Ophthalnologie, 


1932. 
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Slit Lamp. This vor by Zeiss was designed by, W. Comberg. 
It is illustrated and described in the Klinische Monatsbl#tter fiir 
AU enheilkunde, 19336 


Color Perception Scoring Instrument. Interrogation disclosed 
that this instrument was developed in six days at the command of Goering, 
who was dissatisfied with the ordinary color charts used. It was ad-— 
mitted that the instrument was of little value, yet it had to be uscd. 


The instrument incorporated a series of small colored discs 
so varied in intensity as to make it easy to determine the degree of 
color blindness present. A detailed description can be found in the 


“ounea degmabehe Militararzt for 1942. 


.. « Stereoscopee This instrument was equipped with viewing 
lenses of 10 cm. focal distance directed onto a movable frosted glass 
plate supported by a metal stand. The testing charts consisted of one 
with silhouettes and another with geometrical figures. The subject 
tested judged the distances of the various’ diagrams. . 


Phorometers This instrument is still being examined. It is 
brought to your attention, however, to indicate that the Germans too 
were investigating eye declination. 


Magnifying ctaclese: Tehama tien disclosed that the Ger- 
mans had developed spectacles with a small central cylinder for magni- 
fication. The spectacles were manufactured by siete is Samples could not 
be obtained. . 


Contact Lensese The Germans had tried such lenses but were 
forced to discard them because of the discomfort which they caused. 
Apparently the irritation and pain became intolerable after one to two 
hours' use. 


Night Visions Despite considerable effort, the Germans had 
failed to find any substance to increase night vision. Neither lipoid 
extracts of the retina, caffein, nor strychnine worked. Stimulation of 
other senses, exercising skeletal muscle, and use of supersonic waves 
(24,000 cycles/sec.) failed. The existence. of a so-called new drug, 

"Liagtal B," to improve vision was denied. The opinion of all experts 
interrogated was that good living, exercise, adequate slecp, abstinence 
from drink, a minimum Of tobacco, and, finally, training were the essen- 
tial factors in good visual acuity. 


In conciusion, a fair impression of the German activities 
relative to vision is reflected by certain contributions uncovered at 
a rather important Medical Research Institute located on the west coast 
of France. Documents acquired there disclosed that the Institute was 
in operation for more than three years. Only a few months before evacu- 
ating the Institute after — their researchers had concluded that 


mags 


. 5 7~ 


red spectacles were useful for pre—adaptation and that the inhalation 
of oxygen did not improve night vision. In view of the long period of 
research, certainly that record is not very impressivee This is not 
to say, meaner that the German scientists had failed in other things. 


In general, the evidence gathered tibdughiit Scans forced 
the conclusion that the achievements of German medical research and de~ 
velopment were in no case in advance of our own and in many. instances 
definitely inferior to it. This is not in*keeping with the proyerbial 
German’ ingenuity in:the field of scientific research and development. 
It must; ‘be “realized: that in many respects an obvious decline had taken 
place in their scientific accomplishments, analysis of this decline. 
disclosed at least four principal causes, namely: an adequate supply 
of scientists with ability was no longer available because many were in 
concentration camps or had been killed; intercommunication between 
scientists’ became’ more’ and.more difficult until finally there was not 
the free interchange of thought so necessary for scientific progress; 
the supply of: ‘funds and of .experimental animals was totally inadequate; 
and finally; freedom. of action was rigidly curtailed ~ too much 
regulation from non-scientific authority 


- 


Be OPTICAL DEVICES IN GERMAN a oe 


° Comdr Se Se Ballard 


es ’ The Bureau.of Ordnance has taken an active part in the general 
program of ‘obtaining’ seit analyzing foréien ‘érdfante equipment... A number 

of Optical expertis, both officer ahd civilian, have been: detdiled on 

temporary duty to the U. S. Naval Technical Mission’in Burepe and have 


visited most of the nr optical targets on the Enropean: continent. 


A large once’. of optieal equipment has been obtained, much 
of it off the shelf of the Zeiss works and hence new equipment in fine 
condition, and this has been or is being shipped back to: this country. 
“On arriving in this country an instrument is sent to the Ordnance In- 
vestigation Laboratory at the Naval Powder Factory, Indianhead, Mary- 
land, where’ pictures are taken. of it and a short report is written 
for circulation among all'interested parties to cescribe the instrument 
very briefly. The purpose of these preliminary reports is simply to 
tell all hands what equipment is available, so that if a further and 
more detailed examination is desired it can be requested. an cutstand~ 
ing feature of these preliminary reports is the inclusion of X-ray 
photographs which show very clearly the options elements as mounted 
in their mechanical framework. This is cone with a special 2,000,000 
volt Van de Graaff X-ray machine specially constructed for the project, 
or with lower voltage, routine X-ray equipment. 


a 
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After examination of these preliminary reports, the, Bureau 
of Ordnance directs the shipment of items to contractors! plants or 
to military establishments such as the Naval Gun Factory, the Naval 
Research Laboratory, or the National Bureau-of Standards. . Then the 
instrument s can be entirely disassembled and all their properties, 
constants, features and measurements ess and ive — 
es if such are desired. ? enn ee 


J.) pinnae of SR i to silo this enemy ‘optical — 
equipment available for exantination by any interested persons who are 
suitably qualified. Trips can be made to.the Ordnance Investigation | 
Laboratcry’ by atrangemen’, or items can. be me to Om Plant for. 
examination. ; ; Lo a 


ig lecme: the » istheblelce toints prencaP ‘oa opbhead: 
equipment examined to date.dre special rangefinder designs, the popu--. 
lar use of binocular teléscopes and of wide~angle eyepieces, the use 
(probably in shore installations). of large, high-powered binoculars, i 
and the frequent use of dual ee eee Pe tae 


C. - GERMAN OAS, SUNGLASSES, AND DARK Ae * 


or E. A. Pak 


1. A German or French dark adaptometer which measures the thresh- 
‘018 ‘of dark adaptation objettively, making: use-of: optokinetic, nystagmus, 
thereby giving a result whith is independent of any i acaiteatd isotddon on 
bc of the testee. 


‘a. A fia flying goggle (eimilar to the Army Air Forces B~7 
wae in which interchangeable lenses may be used, and for which the 
following lenses are available: A clear lens of 90% transmission, a 
neutral brown lens of "das umbral glas" of 18% transmission, and a 
metal insert which may be placed in the frame of the goggle. The in— 
sert may be opened and closed at will. ‘hen open it provides a wide 
field of vision; when closed it provides a narrow field of vision but 
gives protection from the glare of searchlights in which one may be 
caught. This metal insert also offers considerable protection to the 


eyes from small flying particles. | p 


ae, a goggle with adjustable ce The plastic red lenses are 
mounted on the frame of the goggle in such a manner that by the movement 


* The foreign equipment described has been studied at the Aero Medical 


Laboratory, Wright Field. 
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of a small lever the lens is adjusted before the eyes and provides pro- 
tection’ of dark adaptation of the wearer in bright light. This goggle 
has an overall transmission of 9%, with a transmission of less than 2% 
at all wavelengths in the visible spectrum shorter than 600 millimicrons. 
When the red lenses are adjusted —" a clear lens remains before the 
eyes” ‘of: the wearer. 


‘hie’ A dual—density eatie in which the transmission of the lower 
three-quarters of the lefis is 25% and the transinission of the upper 
1/4th of the lens is 1.5%. The lens is of the neutral brown "das 
umbral glas" in both upper and lower portions. This goggle would serve 
the same purpose as the Army Air Forces graded density flying sun sun glass, 
namely, that of permitting the wearer to scan the sky area very near'the 
sun for enemy aircraft, while providing normal glare protection in the 
larger portion of the visible field. 


5« A close-fitting goggle for dust and glare protection for 
ground personnel. The lens in this goggle has a transmission of 33% 
and is of the neutral ‘brown "das umbral glas". 


The neutral brown "das umbral glas" used by the Germans in 
all goggles, as discussed above, is made by the Zeiss Company and has 
transmission characteristics almost identical with that of the rose 
smoke glass used by the Army Air Forces in its standard flying sun 
glass. The principal virtue of this glass, in ‘addition to glare pro-— 
tection, lies in its haze penetrating qualities according to the German 
description of its use. This corresponds to the army air Force ex- — 
perience with rose smoke aes, . 


-A Mencrrenitim Report No3° NSBALD-695-42K, subject; "German 
Dark Adaptometer," covers the adaptometer mentioned in’the discussions 
at the Vision Committee meeting. « Memorandum Report is now in: prepara- 
tion which will describe the German goggles in detail. 


D. DESCRIPTION OF ZEISS SUNGLASSES FOUND «BOARD A 
CAPTURED GERMAN SUBMARINE 


Lt. Dean Farnsworth 


The Zeiss sunglasses which were found aboard the captured 
German submarine U-058 are noteworthy in five respects: 


ae Extreme density of transmission 
be Protection from peripheral glare 
ce Variety of sizes available 

d. Comfort of the cloth straps 

ee Protective metal case 


- The: transmission of the;glass is calculated as; 3%;for . . 
average daylight. . American efficers: wearing these glasses over.a . 
period. of. weeks did not find this a disturbingly. low: transmission. 
dn facts they -were-not. aware: that. it: was lower than the 10%.to. 15%,. 
goggles to. which theyhad.become accustomed. The description fur-. 
nished with the sunglasses in 1942 described them as. dampening the 
‘brightness by about 75%," whereas the description furnished with the 
goggles‘ here desenibed-+which was. > sige teen seeorthe. them as Fe 
omnne: tha. are mpecrns ae shows pista $3 *: ecoredete, a8 
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: “guards. ‘aye. deep ‘Degria ‘of. less. than. a. tranaspeae. we 


The goggles were furnished ‘dn three eines ‘of prone deuig- 
nated. as 62,5.65.and-68 mm. Probably the, fitting,to.interpupillary — 
distance is. not mportant but. the variety.of sizes -pemmlts, a better 
fit for the purpose of. exciuding peripheral ight... 


The-goggles. are designed to be attached to the head by ad— 
joskabi cloth tapes, the. loops of; which (go, around the earss Careful 
instructions accompany a.reserve pair of these.tapes, telling: how to 
adjust. them»properly. . At first... thought’, it. would be assumed, that the 

tapes.were devised as a: substitute :method due,,to. shortage of Betalas 

. but the extensive. use. of metals. in..less. important parts.-of similar . 

equipment: manufactured -during- this..period,,euggests. that the. tapes, were 

used because they were actually preferred | The. goggles.:‘have been.worn 

extensively by several American officers who find the above method of 

aheruern sont ortabte,. and: even: ‘proteraiiedt Lo the, rides aedeties 

i 9 7a peg 

aa The metal. case: ols. ima: pearly. sustoront, an clotit-Lined 
cn “the pees hottom to: :protect-, the .glass, surfaces » /;; | 


The lenses have a greater vertical than horizontal curvature. 
The outside vertical curvature is +3.37, the outside horizontal curva- 
ture is +3.12. The inside curvatures. are the negative of these measure- 
mentse The reason for the difference between the axial curvatures is 
not known, but it “is probably: the result iof the manufacturing method. 
The surface irregularities, exteed | the aceeptable sarah of the U, S. 
Navye : 

‘The accompanying Tnatgaathons state that the "Umbralglass" 
is of a clientonl composition which reduces infrared and ultra-violet 
to a safe degree, It may be assumed that as ordinary glass, it would 


eliminate the harmful | ultra-violet. The. following infrared. readings 
were determined at the Research sysster cd of the Inter-Chemical 


Corporation: 


— ‘- 


Sa ot ao ihe tes ais. 
at 743 mp 9.3% Transmission 
at 775 mp 6.4% Transmission 
cat 805 mm 4.6%. Transmission 
at 850: mp 2.8% Transmission 


The accompanying instruction sheet claims the following 
under "Capacity of the Umbralglasses" (literal translation): "The 
Umbralglass dampens the brightness by about 95%.because of its strong 
coloring, and thus serves as a protection of the eye from glare. 
Edges and 'small points' (small objects) which otherwise appear 
'covered by light' and veiled, come out more clearly. ‘Rising ground 
and falling ground' (surfaces, levels, planes) are recognized better, 
distances seen more exactly. The Umbralglass is neutral brown, and 
thus gives the color picture of nature truly. The Umbralglass is of 
a chemical composition of a kind that also invisible infrared and 
ultr—violet rays, which often cause oy eye en are 
reduced to a nondamaging size." 


The principal claims for Umbralglass can apparently be 
summarized by stating that it acts to-some extent as a "haze cutter." 
This was tested by giving the F-M 100-Hue Test to four observers with 
and without goggles and there appears to be some slight justification 
for the belief that it would separate purple—blueg from purple-reds 
to a bare extent. This, however, is at the expense of greatly reduced 
discrimination in the green to blue and in the yellowish—brown to 
purplish~brown color regions. It is questionable if the slight in- 
creased differentiation obtainable in one region is sufficient com . 
pensation for perceptual limitation in all the other regions. 


_F. GERMAN VARIABLE-POWER TELESCOPE ° 
Lt. Harry London 


In connection with the variable—power telescope received by 
Bureau of Aeronautics from Germany through ComNavMisEu, the following 
brief description of the instrument may be of interest: 


' The German telescope (name of manufacturer unknown) contains 
a variable magnification feature, ranging from 6 to 32 power. To 
achieve this change in magnification, a combination of wean is de- 
signed to move within the barrel either toward the objective or toward 
the eyepiece with the separation between the lenses changing. The 
_ optical quality of the telescope is poor, but this is understandable 
in view of the wide range of magnification, 


. 
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At 6 power the telescope may be used as a stadimeter. This 
is accomplished by a combination of two lenses, one positive and the 
other negative, each split along the vertical axis.’ Shifting one lens 
with respect to the other introduces prismatic effect while the power 
of the combinatiogmis unchanged. 


It is planned to use this instrument in connection with tests 
in aircraft for determining the best magnification for drift sighting 
‘at various altitudes and various speeds. For this purpose a reticle 
will have to be incorporated at: the focal plane near the eyepiece. 

The variable-power telescope may possibly be suitable for other appli- 
cations. eacia a wide range, of magnification. 


" ig pees ; yr Cie aad ; ; : 
s 7 4 2 i. ie t te Pe . ees i oe =e ae ; 
’ ‘ 
a z - : ; ‘ , 
. ; : Bas Fisage 2 “ae 


SUPPLEMENT TO 
meet 


MINUTES AaND PROCEEDINGS 


of the fourteenth meeting of the 


— 


ARMY -— NAVY - OSRD VISION COMMITTEE 


11-12 September 1945 


Medical Research Laboratory 
U. Se Submarine Base 
New London, Conn. 


copy No. /@3 


t 


is. tried Povees - Vi. 


Vision Committee 


COREEDRETI..L 
5 DESIGN :ND TESTS OF RIFLE SIGHTS 


C. TESTS OF RIFLE SIGHTS 
Dr e C e J . “arden 


The following summary of the paper presented to the Vision Committee 
describes work done under Contract OEMcmr—264. 


The present report is concerned with the analysis of the 
visual task imposed by small arms marksmanship at different levels of 
illumination. This new line of investigation was begun on 1 June 1944 
as Sup. 5 of Contract OEMcmr-264, and will end 30 November 1945. The 
primary aim of the study was to select the best possible‘set of rifle 
sights (rear, front) for use at the lowest level of illumination at 
which sighting is possible. The investigation falls naturally into two 
major divisions as follows: (1) the rear sight problem ~ Experiment I, 
and (2) the front sight problem - Experiment II. Complete information 
regarding apparatus, procedure, selection of subjects, and the like, 
will appear in a final report to the Committee on iiedical Research to 
be submitted about 20 October 1945. 


The data of this investigation support the following facts 
and conclusions: 


1. The aperture type of rear sight (Garand) is far superior to the 
pen or notch type (Springfield), when the size is properly adjusted 
to level of illumination. ‘ie recommend, therefore, that the aperture 
rear sight be employed exclusively on all. dics of rifles used by the 
armed Forces of the United States. 


2. The aperture of the rear sight must be increased in size as the level 
of illumination is decreased, in order to achieve maximum accuracy in 
sighting. The standard Garanc sight, with an aperture 2.035 mm. in 
diameter, is extremely. accurate at a level of illumination approximating 
sunset on a clear day. However, it is greatly inferior to a sight with 
an aperture 4.5 mm. in diameter at a level of illumination corresponding 
to 35-40 minutes after sunset on a clear day. 

3. The size of the rear sight aperture, for maximum accuracy in sight- 
ing, is definitely related to the diameter of the pupil of the eye at a 
given level of illumination. It appears that the optimum size of aper- 
ture is about one-half the diameter of the pupil. This relationship held 
at both levels of illumination mentioned in paragraph 2 above. 


4e The lowest illuminaticn at which rifle-sighting can occur, under 
field conditions, is at a level correspending to about 30—35 minutes 
after sunset on a clear day. This is true even when the bullseye-tarret, 
set at 100 yards, is made to represent the greatest contrast to be found 
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under actual conditions of combat, iec., that of the soldicr's face 
(bullseye) arainst the backround (target) of trecs, frass, cround, 
rocks, etce Below this level of illumination, an effective sisht pic- 
ture cannot be had, so that only snap-shooting is possible. 


6. At the lowest level of illumination at which sizhtine is possible, 
the optimum set of sights should have the following characteristics: 


A. Rear sight. 4 closed sight with an aperture 3.5 mm. in diam- 
eter, with an aperture-rim ratio about the same as that 
found in the standard Garand rear sicht (4.7:1). A narrower 
rim tends to fade out under low illumination. 


B. Front sicht. A post or beal sight with a flat face, about 
2.9 mme in width, with a white, fold, or other bright sur- 
face to give high visibility. 


6. We recommend that all military rifles carry two sets of sights: 
(1) a set for ordinary day use, and (2) a set for use in dim illumina- 
tion... 


7, Such a double set of sights could be conveniently mounted on the 
same rifle by means of the following méchanisms: 


A. The rear sight could be similar to the rear sight of the 
present carbine, with a 2.035 mm. aperture in one leaf, and 


a,3e5 mm. aperture in the other. A mere flip of this device 
would give a sight of the proper size for day or nifht use. 


B. The two front sights could be mounted at an angle of 180 de- 
grees, on a small steel turret, operated by a spring and 
fitting accurately into two square notches about 3/8 of an 
inch deepe The sights could be changed from an up or down 
position by pulling out the turret against the spring, turn-- 

_ing it around 180 degrees, and inserting it again in the pair 
of notches. The sight not in use would be directly beneath 
the barrel, and hence out of the field of vision. 


8. ‘We recommend that a more exhaustive study be made of such front sight 
factors as brightness, size, and shape, as well as the bevel and re= 
flector principles, in order to ietermine more precisely the optimum 
characteristics of the front sight for the dim level of illumination. 
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9- SYMPOSIUM ON GERiin.N DEVELOPiENTS IN 
VISION aND OPTIC.L DEVICES 


_E. SOME NOTES ON VISU.\L DEVICES ND YROCEDURES OBSERVED 
ON NE GERI AN SUBLIARINES 


Lt. (jz) i. S. Verplanck 


an examination of the, equipment of two new German. submarines 
led to the followins observations of interest to the AMOSRD Vision 
Committee: 


GENERAL ILLUMINATION 


No special red nicht lirchtine of compartment space or instru- 
ments was found. Illumination levels were generally poor. 


"Night" or emergency. lichtinz was achieved by liberal use of 
a radium or phosphorescent paint around hatches and down hatchways. 


No need was felt for nicht lightine because of the very limited 
occasions on which the sub was to be surfaced; dark adaptation. was pro- 
duced by the use of red gorgles. 


LOOKOUT WATCHES 


The lookout watch was of four men, on watches of four hours! 
duration; however, the limited duration of periocs when the submarine was 
expected to be surfaced, recuces this lencthy watch to more orthodox 
proportions. 


LOOKOUT EQUIPMENT 


Each submarine carried approximately twanty =z 50 cibeieae 
binoculars. Evidence indicates that one was assicnec to each individual 
using bingculars, for his regular use. Optically, these seem very simi- 
lar to those of the U.S. Navy, and have no advantace over.them. - Mechan- 
ically, they are solidly built, with protective rubber casings so located 
that it is possible to drop them without harm. A guard, attached by a 
rubber cable to the hinge, protects the eyepieces from cust. Focussing 
is performed by manipulation of a set screw alonzside the eyepiece. 


OTHER BINOCULARS 
An 8 x 60 waterproof binocular — ree been eid: Its 


field scems to be approximately 6 desrees. -This specimen does not haye 
rubber casinz, althouch the eyepiece ~uard is affixec. Fixed focus ¢ “FD) 
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PERISCOPE 


Attack periscope: Mechanically, or better hy(traulically, 
this periscope is exceptionally good. The cbserver sits on a sacile 
built from the side of the scope and is able to control the bearins 
toward which the periscope is directed by the use of convenient foot 
pedals which operate by hydraulic gear. A hand lever at the left raises 
and lowers the periscope ‘head‘without affectinz the position of the 
eyepiece, and consequently of the observer. a second lever, on the 
right, controls the elevation of the line of sicht, for search of sky 
or surface, and to maintain the norLaces in the center of the periscope 
field despite roll and pitch. ; 


The variable extension of the scope, with unchanged eyepiece, 
is effected by a prism which is geared to the periscope’ head. This 
prism is a massive and beautifully polished chunk of optical class. 


The instrument is internally heated, as are all fixed optics 
aboard. Either of two filters may be placed in the optical system, an 
amber’ of high transmission, and a very light green. No "haze" filter 
‘was used. : 


Optically, this periscope presents no unusual features, ex- 
cept that the field is by no means uniform; the outer portion of the 
field yields an image of poor resolution when: the center of the field 
is in proper focus. It is possible that this poor field is peculiar 
to the particular periscope examined, which needed craining. 


Approximate data are as follows: 


Low Power . Hich Power 


Magnification 1.5 6.0 

Exit pupil 3-4 mm* (app) 3-4 mm (app) 
Field 28° a 

Range of elevation hes -15° to 420° 


Remarks: Eye distance critical; poor eye cup; 3-4 derree érror in the 
azimuth scale which appears at. the top of the binocular field; illumin- 
ated reticle; difficult to achieve good focus. 


It is not surprising that those who hac used it remarked that 
"you can't see at night" through it. 


an interesting device was employed on this periscope to elim-— 
inate the wake or "feather" produced by raisins it above the surface of 
the seae A set of three or four heavy cables, tvisted about the neck 
of the scope, served to "spin" the water throuzh which the pres anys 
moved, thus minimizing the wake produced. 


* Accurate determinations of exit pupil were impossible, as were any 


precise measurements. 
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Search periscope: This periscope is more conventional 
mechanically, lacking both the hydraulic drive and the fixed eyepiece, 
but it is far better optically. 


The principal feature is a beamesplitting Cevice permittine 
binocular as well as monocular viewing, with independent focusin;’ for 
each eyee These images are of unequal brightnesse a very larve exit 
pupil and an extraordinary range of elevation of the line of sisht 
also characterize the periscope. The same filters are available as in 
the attack periscope. 


Basic characteristics are as follows: 


Low rower High Power 
Monocular Binocular Monocular Binocular 
Magnification 1.5 1.5 6.0 6.0 
Exit pupil 8 mn(app) Slightly 8 mm(app) Slightly 
less than less than 
8 mm 8 mm 
Field 38° 38 °x30° 9° 9°x7 5° 
Range of elevation ~10° to 90° ~10° to 90° 


The field is exceptionally bright and clear; no differences 
in definition are apparent across the field. Visually, this periscope 
is an exceptionally fine instrument. 


GUNSIGHTS 


Each of the anti-aircraft machine vuns is fitted with al 
power sight. The field of view is 38° in diameter. 


The reticle of this sight consists in a set of radials spaced 
at intervals of approximately 30°. These overlap a set of four ovals. 
The central portion of the field, approximately 10° in the horizontal 
axis, is open. 
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101. FINAL REPORT ON VISIBILITY TESTS OF SPECULAR 
AND NON-SPECULAR EXTERIOR AIRCRAFT SURFACES. 
PART II: THE ALL-OVER GLOSSY SEA BLUE AND 
THE BASIC, NON-SPECULAR AIRCRaFT CAMOUFLAGE 
SCHEMES. 


S. E, Garrett and He F. Cross. U. S. Naval Air Station, Patuxent River, 
Md. Project TED No, PTR-2556, 14 May 1945, 24 pp. (Restricted). 


All-over Glossy Sea Blue and the Basic, Non-specular aircraft 
camouflage schemes are compared for visibility ranges as seen against 
the sky and the sea. The Basic, Non-specular camouflage was designed 
to be of as low visibility as possible when seen from any direction 
against sea, carrier deck, or sky backgrounds. Four lacquers cre 
used: semi-gl%ss sea blue (3% reflectance) } non=specular sea blue (3%); 
non-specular intcrmediate blue (21%); and non-specular white (65%)._ 
The all-over glossy sea blue coating has en average reflectance of ~ 
3% It is concluded that: (a) As oUserved in side view agdinst the 
usuel varicty of sky backgrounds, there is no appreciable ‘difference 
in the distances at which aircraft painted these tvo camouflage schemes 
can be seen. (b) As observed from above over sen backgrounds ,, aircraft 
printed these two camouflage schemes are both very effective and about” 
equally difficult to sces (c) When flying at the usual low and modium 
altitudes and dbscrved from below against the ‘zenith end high sky back- 
grounds, aircraft painted ‘the Basic, Non-speculer camouflage scheme are > 
decidedly more difficult to sce then those petanes the All-over Glossy 
Sea Blue.’ | Siu | 


102. AERIAL TaRGET RANGE ESTIMATION 


Me VW. Horowitz and W. E. Kappauf. applied Psychology Panel, NDRC. 
Project N-lll, Report No. 4, Contract OEMsr-815, OSRD Report No. 5301, 
3 July 1945, pp. (Restricted) 

Data have been obtained on the accuracy of unsided visual 
renge estimation for aerial targets »t ranges betveon 1500 and 8000 
yardse The groups of subjects vcre small, but the data were consistent 
in indicating that untrained men mrke patiantion errors vhich average 
30% of true rangé or more, whereas treined men meke errors which may 
averagé no more than 20% of true range. 
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There was a definite trend in the estimates such thet long 
range targets were underestimated relative to short range t»rgcts. 
Similerly there was a tendency, for outgoing targets to be undcresti- 
mated relative to incoming targets. 


103, DISTORTION IN GLASS AND TS EFFECT on DEPTH PERCEPTION. 
Se Schachter ‘and Ae Chepanise air Techni cal Service Command. Enge 
Division. Acro Medicol Laboratory. Memorandum Report TSEAL3~695—46B, 
27 april 1945, 39 ppe (Open)... . 


This report forms .a. part. of. a coordinated research progrem on 


“visibility. requirements of transpaéreit aréas, ..It deals’ mith the effécts 


on dépth perception of sighting throuch five SdmpIcs of glass containing 
graded amounts of distortion. dn experiment wes run with the five samples 
of glass at five anglés of incidence, 0°, 20°, 40°, 60°, Six subjects 
were each given ten trials on the Howard~Dolman dath: perception ‘test 
with each of 25 samp le-anglé combinatiénse A sécod .Sxperiment was 
designed to check the validity of the first and to" ‘corréct certain flavs 


_-in,the | original. experiment. Provision was mdde for “Hd-glass. triclse s, 
‘ The tvo sets of détd are in. essenfial™ agreement ‘and ‘support “the following 


con¢lusions: (1) Depth perception, as measured by the Howerd-Dolman 
apparatus, is impaired when pieces of glass. ahi gh. contain digtoftion | are 
placed in the line of sight. At-ell angles ‘of ‘{néidence ‘the amount of 
impairment is diréctly proportional td the amount, of ‘distortion in the 
glass. (2) Large angles of incidence ‘increase distortion and decréasé 


‘depth perception markedly for all glass samples. The aitrérence between 


the amount of distortion at a large angle of incidence, Ochs 70°., and 
distortion at a small angle. of incidence, e.g, 20° is much greater — 


‘than the difference in distortion between a Grade 4 and Grede C type. 


glass viewed normally. (3). ‘This’ inpeairment of depth perception is not 
caused by simple deviation and/or loss of transmission through the glass 
at large angles of incidences Appendices give details of both experi- 
mentse 


104.6 NIGHT VISION TESTING AND TRAINING IN oe aRMY GROUND FORCES. 


ds Chapanise’ Hgse Air ‘Technicel Service Command. ; Enge Division. Aero 
Medical Laboratorye Memorandum Report TSEAL3-695-48%, 1 July 1945, 27pp.e 


(Restricted). 


Observations on the night vision testing and training program 
in the army Ground Forces are summarized in this reporte It is concluded 
that the testing part of the program can be improved and extendede 
Comparison is made between the Radium Plaque Night Vision Tester end 
the Army Night Vision Tester-Treiner, used in the’ aGF programe The 
correlation between the two tests is high, r = #0.67; the RPNVT is 
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simpler, more rugecd, and-a large group of men can be tested in less 

time than is required for the saNVT-l. The training progrom is described 
(see Proceedings, twelfth meeting, ppe 56-61) end is thought to be 
complete and thorough. Observations on » number of devices for improving 
vision «t night are also discussed. 


105. TESTS OF R#FLECTION-REDUCING CO..TING (AMERIC..N OPTICAL 
CO. 157C+50) ON BULLET-RESIST.NT GLASS FOR MODEL F6F-3N 
AND F6F-5SN AIRPL.NE. 


De He Kelly, J. Plunkett, and He Fe. Crosse Ue S. Navel «air Station, 
Patuxent River, Md. Project TED No. PTR-2583, 9 May 1945, 18pp.e 
(Restricted). 


A two solution reflection-reducing coating (157C-50, one of > 
several types of colloidal silies suspensions devcloped by the émeri can 
Opticel Company) applied to the bullet-proof windshield of a F6F-5 
night fighter was evaluated for visual ranges, glare reduction, cle*n-. 
ing and maintenence. Details of flight tests and ground tests are given 
and photographs are included. None of the tests conducted showed & : 
positive advantage for the couting over the standard windshield now 
in use, while several tests indicated definite disadvantages, ~ 


106. EFFECTS oF INCREASED INTRAPULMON.RY PRESSURE” ON DARK 
sDAPT..TION 


Charles Sheard. ffetionel Reseerch Council. Committee on Avir tion 
Medicine. C4M Report Noe. 449, 28 May. 1945, 7 ppe. (Open). 


7 The present putes on tw obteete of increased intrapulmonary 
pressure on the threshold levels of cone and rod adaptation show that, 
using positive pressures of 4 or 8 inches water. (765 and-+5-mm, mercury 
pressure) at high altitudes (from 36, 000 feet), there is’ a maintenance 
of maximal sensitivity to light and or’ the best. levels of rod and cone 
adaptation which are possible under the. conditions imposed. At high 
altitudes (42,000 to. 45,000 feet),. without increased intrapulmonary 
pressure, there may be a change of 0.75 to almost 1 log unit in the 
rod threshold, indicating a five- to tenfold inercase in the amount of 
light needed to produce a response 2g compared to the threshold values 
at ground level. In genernl, thore is less effect of pressure breathing 
on the cone adaptation than on the rad adaptation, since there is a 
greater effect of anoxfa per se on ‘the rods in the periphery than on 
the cones at the maculae. These investigations show that, with increased 
intrapulmonary pressure at high altitudes, it is genernlly possible to 
maintein the threshold levels of rods and cones “t the seme velues 
respectively as were obtained initially at ground levels breathing air 
or at altitudes under 30,000 feet while breething oxygene 
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_ 1076 THE SELECTION. OF FIRE. CONTROLMEN (0) RANCEFINDER 
ae pag oe ee eae sh ‘ 
‘ : ba - yntelt. 
“De Ce’ ‘Beier’ ‘and. F. enna dppuied: Peychology Panel,’ NRC. “Project N-114, 
Report Nos ‘19, Contract OEMsr-1]%1, OSRD Report No. ‘4261, 26 March 


1945, 35 ppe (Restricted). 


This report presents; the./résults. of. an ‘experimental enelysis 
and validation of selection ,requisemetits for the selection of Fire 
Controlmen (0), Radar and) Rangefinder Operators. In general, the study 
consisted of an investigation of the predictive relationship.of various 
paper and pencil tests gnd yarious, Visiial ‘tests: (éamini stbred petoy ¢ to 
or ‘apen . entrance) to” graduation, achievement’ and performance criteria 


Various tests vere exemined and validated against criteria 
developed by project, N-114.:.The various. ‘anélysds - are based on groups 
of 56 to 288 students. et the Lauderdale School. ‘The basic method of 
analysis used in the present, Anvestigation is -to: ‘éonstruct four-fold 
tables of passing and. failing groups: in: terms of test and criterion | 
scores.«'- This type of analysis provides ameasure of the’ usefulness of 
 @ test as a selection instrument at different cut-off scores. Bar 
diagrams are presented to afford ready. comparison: of the principal. 
results for individuel tests:and cambinations-of tests. Finally, chi 
square is* used to evaluate the distribution represented in the four- 
fold tables and its magnitude indicates the dikelt hood that the - -ob= 
served. gistribution. eould aria: 7: CHancee « 


After investigation of many ‘possible combirnetions. of thews..: 
tests at various cut-offs, it appesrs' thet in ‘terms of sélection and: 
instruction ‘post. ‘and other, practicel copisideraAtions, ‘thes: atenaiiied 
two batterits yield the most eT 4 pemates cit Nae 

Babe No. i ae Bee ee 
oF “General - Classtsseation Pest: 50 and Aboves’ cope 
fe es | APithmetic:, Test; ."45-and above; | pat c 
JP EE Pe + Ortho-Rater. Visual sonst? ‘worse ‘eye ‘score: 
Bee YG é, , 9.0r greater; ; ee sche 
Abe the 4 “Ortho-Rater Vertical Phérle + scoré: not less than 
Laat sai cat: : # nee _ A nor. more than y of (Hefordphoris not grenter | than 
rate .$ prism diopter)s -. | 
. Pe; Oesharliater Laterel -Phoria. scorc: ‘not less than, 4 
“ “nor more.than,12 (Esophbrie not’ eretter than 
ae: ‘prism. dopters y. went not: greater than <a 
‘prism diopters); .< - Oe ee 
“Multiple Prejection: Eikonomoter ‘Tost, score: on. x. 
. or a SE. Sek am BY a earet a aaa Cae 
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General Classification Test: 45 and above;. 
me Arithmetic Test: 55 and above; © 

Ge Ortho-Rater Visuel Acuity worse eye scorc: 
9 or better; 

de Ortho-Rater Vertical Phoria score: not less than 
4 nor more than 7 (Hyperphoria not greater than 
$ prism diopter) ; 

e. Ortho-Rater Lateral Phoria score: . not less than 4 
‘nor more than 12 (Esophoria not greater than 35 
prism diopters, Exophoria not greater than 4% 
prism diopters); ° 

fe Ortho-Rater Depth score: 5 or greatere 


The results of both final batteries have been tested for 
statistical significance and more than satisfy the 5% level of' 
confidences This is true. for Class 6 (N # 56), for Class 7 (N = 90) 
and for-the- two classes combined (N = 146). Consequently, similar 
results can be expeeted with reasonable certainty for similar samples 
. Of the general Navy populatione 


The visual selection standards in the two batteries apply: 
only to rangefinder operation. Because there were no satisfactory 
criteria of radar operator performance, no selection. standards of near 
visual acuity were validated. 


108. GROSS ERRORS IN READING’S¢aLES OF PANORAMIC TELESCOPES, » 


- Le Ve Searle,and Ke Se Nagonere Applied Psychology Panel, NDRC. 
Project SOS~-11, Report No. 1, Contract OEMsr-581, . OSRD. Report Noe 
sais 15 april- 1945, 21 Ppe (Restricted). | enn si 
. "-° “Observations using four ‘panoramic siehts (1) ° an M-12, - ‘the 
standard instrument of the american Field artillery; (2) an M-12 
sight with a modified coarse azimuth scale; (3) a modification 
of the M-12 sight construeted at the ‘armored Medical Research. 
Laboratory at Fort Knox, Ky; and (4) ‘the German sight Rbl-F-32 
were made to study the occurrence and. revention of gross errors in | 
reading the‘scales of panormeic telescopes, Eight lieutenants and 
72 enlisted men, varying widely in their experience in gun pointing, 
were instructed to make twenty readings from each of the four 
instruments, the first four readings with each sight constituting | 
a&@ practice series, and the other 16 readings with each sight consti- 
tuting a test series, for each individual, A total of 6264 readings 
were made, 1256 practice trials and 5008 tests. The 5008 tests 
include about 1248 tests for each of the four instruments. 
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Compared with other instruments used in this study it is 
found that gross errors in reading’ the scales of the M-12 panoramic 
sight, are excessive. Most of these errors can be accounted for cithor 
(1) in the use of a goarse azimuth scale or (2) in the design and manu- 
facture of the coarse azimuth scale and other perts of tre instrument. 
That the use of a scale for coarsé azimuth readings is the primary 
factor in the oceurrence of 100 A orrors is demonstratcd by the fen 
such errors made with the use of the A.M.R.L. modified M-12 sight in 
which a scale is not used for cdéarse azimuth readingse The same officers 
and men who made 105 100 # errors in reading the scales of their own 
M-12 sight, after four practice trials made: only eight such errors on 
the A.M.R.L. modified M-12 sight; and ‘after ten practice trials made 
no gross errors at.all. The'effects of good désign dnd manufacture 
may be seen in the results with the German sighte In this instrument 
the effects of dirt and wear are at a minimum, the background does 
not chip, the indicator and':lines demarking ‘thé scele divisions are 
finely. engraved, and every. second: scale, division is numbered, Other 
large. errors, although not specifically renédicd in the A.M.R. Le 
and German sights, tend to; disappear with their use. This indicates. 
that, with instruments easier to use, these errors #111 oceur less of tune 


109... THE. RELATIVE. ‘SUFROTVEESS: OF AsCHBCK SIGHT TROMNT-UE cOM2ARED 
WITH.THO OTHER METHODS ,USED TN: TRAINING :GUN POINTERS: ON , THE 
40 MM GUN EQUIPPED WITH THE COMPUTING ‘SIGHT; M7. 


Je He Rapperlie. Applied Psychology Panel, NDRC. Project SOS-6, Memoran- 
dum No. 12, Contract OBMsr-581,..0 .S.R.D. Report: No, 4975, 25 = ie 
1r apt (Restricted). ars 
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os hia Oka; Poakktou Sampling Method, three groups, of. 
ten 40 mm gun pointers weré, equatcd’ on the: basis of pre=training’ check 
sight scores. Subsequently, each group was trained by one of three 
different. methodst-\a.€heek Sight Meshed, a Verbal Gcaehing Techniquc, 
or a Conrgoher: Guidance: Methods - aes | 


Sith ‘the Cheek ‘Sent: mestatng: “Motnea, an observer rides noted 
the tracking, errors of the gun pointers by using a plexigiass check 
sight. and..then notified the gun:pointers of these errors by means of 
a buzzer signal. - With the Verbal Coaching Technique an officer made 
suggestions to the: gun pointers: during: their training period. With 

‘the Co-Tracker Guidance Method one of the giin ‘pointers served as 
instructor or coach as well as tracker in that he indicated the 
errors. of the other. fyacker as he oes: them. . 


Comparison of the three groups after their pompanive: training 
periods indicated that the greatest improvement in tracking performance 
was made by the group trained with the Check Sight Method. The Co-Tracker 
Guidance Method was more effective than the Verbal Coaching Teohniquee 


mre 


COPD 


-—75—- 


Advantages and disadvantages of the three treining methods erc here 
presentede 

It is recommended that thie check sight technique be uscd 
more widely in trrining gun pointers when using the Computing Sicht M7. 


110. EVaLUATION OF « PLEXIGLAS CHECK SIGHT 4S 4 TESTING: AND 
TRAINING alD VITH GUN POINTERS ON A 40 MM GUN E,UIPPED 
WITH THE COMPUTING SIGHT 1!7. 


Ge Ee Brown, Jre Applied Psychology Penel, NDRC. Project SOS-6, Mcmo~ 
randum Noe 14, Contract O#Msr~581, OSRD Report No. 4977, 22 April 1945, 
l3ppe (Restricted). 

An evaluation was made of the reliability 7nd the velidity 

of a Plexiglas Check Sight 2s a device for testing on-target tracke 

ing with ea 40 mm. gun, and of its use as an aid in treining gun pointers 

for on-target trackinge The Plexiglas Check Sight scores sre found 

to have reliabilities and validities of suth « magnitude that the 

scores are useful in determining the relnetive strndings of individucels 

in a group only if wide range of tracking abilities ere being tested. 

The Plexiglas Check Sight is valuable as a training aide, 


1ll. A STATISTIC..L SURVEY OF RESULTS OF NIGHT VISION TESTING 
IN THE ROYAL Nav¥ BY THE METHOD DESCRIBED IN CAFO.: 16%A/4he 
admiralty pt Laboratory. he L. /%42/84.07/0, x. January 1945, 
22ppe (Confidential). 


The decision in august 1943°to test all new entries to the -- 
hives Navy for night vision. and to classify personnel into three. 
groups (1) night vision’ tested, (2) poor night vision, and (3) very. 
poor night vision resultcd in-the development of a rapid method for: 
testinge The method, described in this report, was designed to place 
all night blind personnel and some with seriously defective night — 
vision in class 3 (not more than 1%); all border~line cases in class 
2 (about 3% of personnel). A total of 37,640 men have been tested. 

A little less than 1% of those for whom sonpiete results are available 
have been classed VPNV and a little less than 2% have been classed PNV,: 
It is shown that there is no significant correletion between night vision 
grading and the results of intelligence tests. ~ 
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“212. EXPERIMENTAL LIGHTING DEVICE FOR IDENTIFICATION, 
RENDEZVOUS, AND FORMATION FLYING. 


Ge Me Greenee Ue S. Naval air Station, Patuxent River, Md. Project No. 
PTR~31782.0, 25 April 1945, 4pp. ‘(Confidential). 


A clear polished lucite rod 3/4 inches in diameter and 42 
inches in length with white dots painted on the surface to scatter light 
was flight-tested to determine its value for identification, rendezvous, 
and formation flyinge The conclusion that the lucite rod is an improvement 
over present lights is based on the following. results: (a) The linear 
form of the rod. was, visible for three miles; beyond five" miles, it became 
a point source of light of very low intensity.. (b) The airplane's reletive 
speed and direction were very easy to observee At ranges encountered in 
formation flying, the rod is éasily visible and may’ be used without the 
navigation lights. {¢) The use of the lucite’.rod for formation. and. rendez- 
vous flying is. beneficial to the maintenance of, sccuritye _ At its maximum 
brilliance, when viewed at a distence,- the rod,is less: perceptible than 
the navigation lights... (4) Coding of the rod: can be very easily accomplished 
by the use of bands of taps at. a sderifige. of —_ ‘or _ SPDESR of | eolor 
in the. light | sources | See ae ‘ 2 vt ae 
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113— an INVESTIG..TION OF THE RELuTIVE ACCURACY OF FIVE 
— OF TRaCKING. AERT.L : a 7° 
eae MARK 12 RyDAR. 
Oe C. ‘Borer and i. he ‘Paylor. Applied deirieanes Panel, “NDRC. “Project 
N-114, Report. No. 20, Contratt*OEMsr-1171, OSRD: Report: No, 4927, 16 
April 1945, 12ppe (Gonticenttel}s 


This research | ‘report vonceriis the ee ee as'to which oseilio~ 
graph presentation ‘or combination of presentations available to trackers 
in Mark 12 radar provides the most accurate tracking. These presenta- 
tions may be either spot on crosshairs, pips: matched in height, meter - 
with pointer, spot combined with meter, or pips combined with meter. 

Two separate sets. of. Gata’ were collected; the first during a preliminary 
experiment from.a group-of "15 student operators ‘in their two-week training 
period on 4 Mark 12 treining mount; and the second from 4 group of 28 
student operators during the last two weeks of their 16-week course, 

in the gun director Mark 57 with Mark 12 rader, The latter group had 
had considerable training in director operation and Mark 12 radar, the 
former group had had no training in the gun director, and only four 
hours of training in Mark 12 operation at the beginning of the experi- 
ment, Analysis of these two sets of data was directed toward determina~ 
tion of the relative accuracy of the five methods of tracking with Mark 
12 radar, whether in the Mark 37 gun director or training mountSe - 
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Analysis showed signficiantly less accuracy for trainers in 

- the case of pips than for any other method, and no significant differcnce 
in accuracy for pointers by any of the methods. The rank order in terms 
of least number of targct losses for trainers was: (1) spot, (2) pips 
and mcter, (3) spot and meter, (4) meter, (5) pips; and for pointers, 

(1) spot.and meter, (2) pips and meter, (3) spot, (4} meter and (5) pips. 


Other reports received, which may de secured or consulted 
in the Office of the Vision Committees , 


114. Great Britain. Medical Research Council. Military Personnel 
Research Committee. Subcommittee on armoured Vera eheee B.eP.C. 
44/340/P.Le 136, Mey 1944, 6ppe 


Factors which reduce visibility of targets when a telescope. 
graticule is illuminated are discussed and their effects have been 
calculated. 


115. Great Britain. Ministry of Supply, advisory Council for Scientific 
Research and Technical Development. Fighting Vehicle armament 
Research and Devclopment Committee. Tank Armament Research 
Report Noe 33, 21 June — WPdVe 


Trials were carried out using a ‘enn "variable pover telescope 
to determine the best compromise between magnification and field of viemn. 
It is concluded that the optimum ee) lies in the region of 5X to 
7.9X js cata aaa 


116. Greet, Britain. Royal Air ‘Foree.-: Operational deceunen ‘Section, 
Coastal Command. oRs/CC Report No, 317, 22 October 1944, 1OpPe 


me Extensive experiments to determine the compeitiati ve visibility 
one conspi cui ty of the -duiesae rand Ome for atr-ete-e inet - lasers 


117. Great Britian. Ministry of: inhi Advisory Council’ for Setentific 
Research and Technical Development. Armament Research Departrient, 
Fort Halstead, Kent. A.R.D. Explosives Report No. 410/45, March 
1945, 7ppe 
Some calculations on the effect ‘of mixine licht of different 
colours, with reference to the oo}eur quality of = flames from pyrotechnic 
signal compositions, : 
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118. A GERMAN DARK aDAPTOMETER 
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Chapanis, Alphonse and Richard 0. Rouse. Air Technical Service Command. 
Engineering Division.‘ Aero Medical Laboratory. Memorandum report 
TSEAL 3-695—48K, 5 ‘September 19455 8 ppe (Open) 


Description is fieedened of a German instrument for measure- 
ment of the extent of dark adaptation. The ability of the eye to 
detect brightness differences is measured.not.by the usual report of 
the subject but by the presence of a reflex. aA moving pattern is 
arranged so as to elicit optokinetic nystagmus. It is assumed that 
the presence of this reflex is related to the perception of brisht- 
ness contrast, ordinarily measured in adaptometers. The liminal ~ 
illumination of the moving pattern is determined at various stages 
of aiapseticn, utilizing as criterion the presence of nystagaus. Ay 

The use of an objective’ measurement: of: the’ extent of dark 
adaptation is valuable in the case of children and subjects who are 
uncooperative or ¢annot understand instructions. The-German instru- 
ment is not satisfactory in performance. Chanres‘are suggested by 
which the technique could become useful for laboratory and’ clinic. 
Large scale testing is impractical, however, because subjects can be 
Phat , Pee eee | ae 
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' 119. “NIGHT VISION oe - & REVI OF ¢ GENERAL PRIVOIPLEs 
a 

Chapanis, inne The Air ‘aah 
Lah SA yom pagers A ‘as 1945 inc ogeaegambid 279-281," * 
Se . ’ 4 : ran gs : 

iver visual pose ee are  dseobeed in order ‘to: nepain” 
equipment and procedures which have been standardized for Air Forces 
personnel. Equipment covered includes: dark ‘adaptatioti goggles, ’s sun 
glasses, oxygen refulatorsy, cockpit lighting units and binoculars. 
Procedures which are explained include: dark adaptation, personnel 


‘sélection by means of the Hecht-Shlaer Adaptometer, prevention of car- 


hon monoxide concentrations in cockpits, use of supplementary Vitamins 
A (and C), use of off-center vision, maintenance of clean transparent 
sections when binoculars are -used ne use of shifting fixation to avoid 


visual illusions. 


120. AAF NIGHT VISION TRAINER - 


Training Aids Division, New York City: 
The Air Surgeon's Bulletin, 2, 1945 
(September), 284 (Open) 


A&A projection apparatus is described, modeled after the RCAF 
Evelyn trainer, to provide simulated conditicns of night viewinz. Prro- 
vision is made for the exhibitdon of stationary objects and in addition 


a 
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both slow moving and rapidly moving objectse Aircraft silhouettes can 
traverse the field horizontally or diagonally. Weans of adjustinz the 
brightness of the simulated sky are provided as well as means for 
simulating haze and fog. ‘leicht 130 pounds. Operates on 110 ve aCe 


121. AML PORTABLE RADIUM PLAQUE NIGHT VISION — 


Pinson, Ernest Ae, and Alphonse thepentes The 
Air Surgeon's Bulletin, 2, 1945 (September), 
285 (Open) 


An instrument is-described, desiged to enable the flight 
surgeon to obtain a measure of night vision in a simple manner. Field 
illumination is provided by a radium plaque. The test object is a. 
Landolt ring, whose orientation is reported by the subject from various 
distancese Although the chief advantage of this instrument is its 
convenient size (5-3/8 x 6-3/4 x 3/4 inches), tests have indicated 
instrument stability and reliability of test scoree « chart is pre- 
sented by which scores on this instrument can be related to scores on 
standard anatyenants used in. testing the adequacy of night vision. 


1 
L22. 4 NIGHT VISION TRAINER 


Pinson, Ernest Ae, Chapanis, alphonse and Stanley. Schachter: 
The Air Surgeon's Bulletin, 2, 1945 (September), 286-287 (Open) 


4 simplified apparatus is described, intended to simlate ; 
gent ease of night viewing for testing ‘at: installations where the AAF 
Night Vision Trainer (Abstract 120) is unavailable. “Provision is made 
for the. exhibition of stationary objects and objects movable by manual -’ 
control. Variable brightness: of the simulated sky and simulated haze 
and fog are possible. All-materials nécessary - ‘for construction are 7 
readily available from stocks Operates on 1.5 v. 


1236 ‘A CASE OF NIGHT BLINDNESS | 


Hinn, esis Je and se Ae estiness ‘The Air 7) 
. Surg geon's Bulletin, 2, 1945 (September) ? 287 (Open) 


A case hiatouy is reported, describing an “experienced pilot 
whose night flying was noticeably deficient. Ordinary ophthalmological 
examination did not reveal marked aberrations. Clinical examination on 
the Evelyn two-dimensional night vision trainer and the Radium Plaque 
Adaptometer revealed extremely poor night vision. «a test made with the 
American Optical Projector indicated very poor regeneration of visual 
purple. In addition, the patient had a history of continual, unprotected 
exposure to high brightnessces. 
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124. THREE CASES OF DEFICIENT NIGHT VISION 


Chapanis, Alphonse and Richard 0. Rouse: 
The air Surgeon's Bulletin, 2, 1945 
(September), 288 (Open) 


Three case histories are reported concerninz experienced 
pilots whose night flying was unsatisfactory. Each obtained a markedly 
unsatisfactory score on each of the night vision tests administered. 
Tests were made for at least one patient on each of the following 
instruments: Hecht—Shlaer Adaptometer, Radium Plaque Nicht Vision 
Tester, SAM Portable Nizht Vision Tester, jAF-Eastman Night Vision 
Tester. In no case was there 2 visual nested detectable by ordinary 
ophthalmological examination. ; 


One patient was returned to normal function br the adminis- 
tration of "massive doses" of vitamin A although there had been no 
history cf dietary deficiency. . 


-Although, the three patients jdbatad wimilar deficiency in 
function, they differed significantly. in. their realization of their 
deficiency. It is explained that deficiency is not recognized because 
of the rare use of night vision in ordinary activities. 


125. HUI #abtons IN ATRCRAF?T DESTGN 


sh Niece ‘tae Ac Pa The Air r Surgeon" a. Bulletin, ee 
“2, 1945 (September) , 298-301 pen) 


~ the degdon of autem. aircraft, one: cas ccmelden: was 
‘given to problems pf human physiology. is.a consequence , | aviation » 
physiologists and flight surgeons. have. attempted to insure. maximun. 
aircrew efficiency by developing personal equipment intended to offset 
failures in basic aircraft design. It is clear that, in the development 
of future aircraft, the limiting factors, will often prove to be 
physiological. 


To obtain maximum visual efficiency,,care must be taken to 
provide the highest quality optical material for windscreens and si¢ht— 
ing blisters. Further, design should insure that the line of vision 
passes through the optical materials at near:normal incidence. Inade- 
quate design wili result in loss in range of scene loss in depth 
perception and sean teed of nisht vision. : 


7 A 
‘ 


: -8]- 
126. ae ee TEST INSTRUMENTS 


Rhoads, S. Ce: The air Surgeon's 
Bulletin, 2, 1945 (September), 308 
(Open) 


Three devices are described and illustrated, desigmed for 
improving measurements of interpupillary distance, near point of con- 
vergence and accommodatione 


127. THE ADVANTAGES OF USING BINOCULARS FOR NIGHT SEEING 


Brackett, Frederick S; Roberts, Lester B. and‘Jendell E. 
Mann. armored Medical Research Laboratory. Partial Report 
on Project Noe 6—1, SPMEA 741-12, 24 March 1945, 9 pp. (Open) 


The distance at which targets are recognized on a moonless 
night was determined as a function of magnification and exit pupil 
diameter of various binoculars. Tests were made using a Landolt ring, 
the orientation of which was reported under cach experimental condition. 
The effect of magnification was determined by using three instruments. 
The effect of exit pupil was studied by inserting various stops at the 
objectives of two of the three instruments. Under each experimental 
condition, the distance was determined at which the test target was 
liminally detected. 


It was found that the recognition distance increased with an 
increase either in magnification or exit pupil diametere Approximate 
data on the three instruments indicated a 3.5 increase for an army 
6 x 30 (M3) binocular, a 4.8 increase for a Navy 7 x 50 binocular, and 
a 5e7 increase in recognition distance for a 10 x 45 BeC. scope. Pro- 
portional advantage was obtained regardless of whether a monocular or 
binocular instrument was used. 


By interpolation and extrapolation of the data, the optimum 
ratio of objective diameter / power was determined to be 3, for all 
magnifications tested. 


It is emphasized’ that other factors were not considered, the 
most important of which was probably the size of ficld. The use of high 
magnification is.often impractical because of image motion and the 
difficulty encountered in searching. The maximum practical exit pupil 
is usually considered to be 7 mm. 
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